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DEVELOPMENTS IN SEWAGE DISPOSAL 
FOR SAN FRANCISCO * 


By CiypDE C. KENNEDY 


Consulting Engineer, San Francisco, Calif. 


At the present time the City and 
County of San Francisco is proceed- 
ing with a program of sewage treat- 
ment and disposal which will entirely 
eliminate the discharge of untreated 
sewage and objectionable industrial 
waste into the adjacent shore waters 
except during periods of heavy storm 
water runoff. This program was out- 
lined in a report entitled ‘‘The Treat- 
ment and Disposal of the Sewage of 
the City and County of San Francisco, 
California’’ which was submitted to 
Mr. W. H. Worden, Director, Depart- 
ment of Public Works, by a Board of 
Consulting Sanitary Engineers com- 
posed of Harrison P. Eddy, Charles 
tilman Hyde, Leon B. Reynolds and 
the writer in May, 1935. 

The condition which brought about 
the engineering study was the gross 
pollution of Bakers Beach and the Ma- 
rina recreational park on the north 
shore line of the city, which are pro- 
tected from wind and used by the pub- 
lic during the greater portion of the 
year. Prior studies made by the De- 
partment of Public Health had re- 
vealed that the shore waters were more 
or less polluted with sewage for the 
entire length of the shore line. The 
length of this shore line bordering San 
Francisco Bay on the east, Golden Gate 
Strait on the north and the Pacific 
Ocean on the west is 23 miles. 

The general conditions were recog- 
nized by the Department of Public 


* Presented at Twentieth Annual Meeting, 
Federation of Sewage Works Associations; 
San Francisco, Calif.; July 21-24, 1947. 


Works and the instructions in the 
agreement of the Consulting Board 
provided that it should—‘‘inspect all 
local conditions affecting the problem, 
—advise as to the proper location of 
plants and outfalls’’ and—‘‘recom- 
mend type of process that should be 
adopted—.’’ In the plant construc- 
tion already undertaken and in the 
plant design under way, recommenda- 
tions of the Consulting Board have 
been followed as to general plant loca- 
tion. The developments in sewage 
treatment processes and the upgrading 
in the requirements of the State De- 
partment of Public Health since the 
report was prepared, have resulted in 
a change in the type and the degree of 
treatment which is provided for in the 
carrying out of the program. 


Geographical Conditions 


San Francisco occupies the north- 
erly portion of the peninsula which 
terminates in the Golden Gate. A 
spur of the Coast Range forms a cen- 
tral ridge which roughly divides the 
city, one-third on the western or Pacific 
Ocean slope and two-thirds on the 
eastern or San Francisco Bay slope. A 
low ridge forms a T with the main spur 
and extends from Telegraph Hill on 
the San Francisco Bay shore to the 
Cliff House on the ocean. The area to 
the north of this ridge is cut into a 
considerable number of drainage areas 
tributary to the north shore. The 
highest point in the main spur is at 
practically the geographical center. 
Here are Twin Peaks, which rise to an 
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elevation a little more than 900 feet. 
Numerous spurs from the central back- 
bone extend to the east and to a lesser 
degree toward the west, and divide the 
city into well defined drainage areas 
which open out upon the bay or ocean. 

The total land area of San Francisco 
is 30,700 acres or 48 sq. mi., including 
some presently submerged areas in the 
southeast portion of the city which will 
probably be reclaimed to the projected 
bulkhead line. Included in the total 
area are 3,250 acres devoted to munici- 
pal parks and playgrounds and more 
than 2,000 acres in military and naval 
reservations. 

Politically the area has a combined 
city and county government. The 
boundaries are fixed by the line of San 
Mateo County on the south and by the 
adjacent waters separating it from 
Alameda and Marin Counties on the 
east and north. Efforts to extend the 
boundaries southerly have been unsuc- 
cessful. Due in part to these political 
barriers and in part to the pattern of 
residence development on very narrow 
lots, the population density on built-up 
areas has been comparatively high. 
For the most part, residential develop- 
ment of homes on larger lots has been 
and will probably continue to be in the 
cities to the south and across the bay 
to the east and north. 


Population 


The present population of San Fran- 
cisco is estimated at 900,000. This 
population is remarkably close to that 
forecast by C. E. Grunsky nearly 50 
years ago. On this basis, the popula- 
tion forecast for 1960 is 1,100,000, ap- 
proximately 44 persons on each acre, 
which is nearly maximum for the area 
unless an entirely new type of develop- 
iment should take place. In character 
the city is largely residential and com- 
mercial. While there are many indus- 
trial and manufacturing plants in the 
city, there are none which contribute 
great quantities of industrial waste. 
The sewage is typical strong domestic, 
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relatively high in grease content. The 
strength measured in suspended solids 
varies in the different districts from 
slightly under 300 p.p.m. to more than 
400 p.p.m. 


Sewer System 


The general system of sewers was 
laid out at the beginning of the present 
eentury under the direction of Mr. 
Grunsky. For the most part it is a 
combined system. The type was deter- 
mined in part by the sewers already 
built and in part by the then current 
practice of carrying untreated sewage 
into coastal waters by means of long 
outfalls. It provided for concentra- 
tion of the flow at points deemed most 
suitable for the construction of outfall 
lines. The location of these outfalls 
determined the sewerage districts for 
which disposal was recommended by 
the Consulting Board. 

The trunk lines which had been con- 
structed under the plan developed by 
Mr. Grunsky were the Mile Rock sewer 
discharging on the North Shore a short 
distanee east of Point Lobos, the Bak- 
ers Beach sewer, the Pierce Street 
sewer and the North Point sewer. In 
addition the areas tributary to Islais 
Creek, termed in the report of the Con- 
sulting Board, the Southeast district, 
the Visitation Valley district and the 
Southwest district were included in the 
study. 


Investigations by Consulting Board 


The record of performance with 
short outfalls laid in excavated 
trenches at Bakers Beach and Pierce 
Street demonstrated that the tidal cur- 
rents in Golden Gate Strait were de- 
structive to such structures, since both 
were broken after only a short period 
of service. Investigation of the scour- 
ing action in this channel led to the 
conclusion that in the main Golden 
Gate Strait channel very great con- 
struction difficulties would be encoun- 
tered in any long outfall line. Based 
on this conclusion it was determined 
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to reduce the number of outfalls to the 
least practicable number. 

Unfavorable foundation conditions 
along the north shore west of the 
Presidio made the location of any 
treatment plant in this area impracti- 
cal. Faced with this condition the 
Board determined that all sewage then 
discharged on the north shore between 
the Mile Rock sewer and Lobos Creek 
should be conveyed away for treatment 
and disposal at more favorable sites. 
The Marina recreational area was like- 
wise considered unsuited for a plant 
location due to its limited area and the 
obstruction of the park area facing 


Golden Gate Strait. 
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Float studies were made at various 
points along the shore with several 
types of floats. The movements of 
sewage fields were observed from shore 
with dyes added to the sewage. Bac- 
terial analyses of shore water were 
made (Figure 1) to determine the 
spread of pollution from sewer outlets. 
The diffusion of the sewage in the Bay 
waters after discharge were studied 
by noting the variation in the electri- 
eal resistance at different depths. The 
conclusions based on these tests may be 
summarized as follows: 

1. Sewage discharged at the shore 
or at distances up to 2,000 ft. from 
shore would not readily mix with the 
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FIGURE 1.—Average numbers of B. coli in shore waters at San Francisco; 
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main tidal currents in Golden Gate 
Strait but would be carried shoreward 
and along shore, moving back and 
forth with the tide for considerable 
periods of time, sometimes several days. 

2. Sewage rose to the surface as an 
unbroken mass in a very short time 
and spread in a thin film over a gradu- 
ally widening area, then moved shore- 
ward or along shore as indicated by the 
sewage fields clearly outlined by the 
addition of dye to the sewage flow and 
by the spread of ‘“‘slick’’ fields. The 
thin layer of grease-coated and gas- 
buoyed sewage particles polluted the 
waters along the entire shore line in 
varying degrees along the bay and 
ocean frontage. 


Recommendations of Consulting 
Board 


Based on the results of the investiga- 
tions carried out under the direction 
of the Consulting Board, the program 
of construction summarized below was 
recommended : 


1. That the sewage of the Bakers 
Beach area should be diverted and ecar- 
ried by a tunnel and trunk sewer to a 
treatment plant location in Golden 
Gate Park adjacent to the Mile Rock 
sewer, and that by suitable diversion 
and pumping the sewage flow from the 
Bakers Beach, Richmond, West Rich- 
mond and Sunset districts should be 
treated in a single plant. Such plant 
would provide for grease and scum re- 
moval, removal of settleable solids by 
sedimentation, with digestion of grease 
and organic solids in heated sludge di- 
gestion tanks, sludge filtration and 
discharge of the effluent into the Mile 
Rock sewer. It was recommended 
that the effluent be disinfected by 
chlorination during the bathing season 
unless or until an underwater outfall 
should be determined as practical to 
carry the effluent far enough out into 
the Golden Gate channel to prevent 
return to shore. 

2. That the sewage from the Marina 
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district should be diverted by pump- 
ing through a pressure and gravity 
line to a connection with the existing 
North Point sewer, with the under- 
standing that this sewage would be 
treated with the sewage from the 
North Point district at a plant near 
North Point. 

3. That the sewage from the area 
tributary to North Point together with 
a portion of the sewage from the South- 
east district should be treated near 
North Point by grease and grit removal 
and by screening through fine screens 
with disposal through an outfall more 
than 2,000 ft. long in water 50 ft. deep. 

4. That the sewage from the South- 
east district, including Visitation Val- 
ley, not carried to North Point, should 
be treated at a plant or plants in the 
general area near China Point and 
Hunters Point. No specific reeommen- 
dations for treatment were set up in 
the report for the Southeast district. 
5. That the sewage from the South- 
west district which, geographically, in- 
cluded an area in San Mateo County, 
either should be given complete treat- 
ment before discharge into the ocean 
or pumped through a pressure line to 
a connection with the sewer leading to 
the treatment plant in Golden Gate 
Park. 


Original Construction Program— 


Richmond-Sunset Plant 


Prior to the appointment of the Con- 
sulting Board a bond issue had been 
approved by the voters wxich, with a 
PWA grant, was designed to correct 
the existing conditions at Bakers Beach 
and the Marina. The first construc- 
tion under the general recommenda- 
tions summarized herein was limited 
to these objectives. 

As the only practical alternative to a 
plant along the shore between Lobos 
Creek and Mile Rock, a diverting tun- 
nel was provided to carry the sewage 
from the Bakers Beach sewer to a lo- 
cation in Golden Gate Park. The 
location was the subject of consider- 
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able negotiation with the Park Com- 
mission. A plant of the activated 
sludge type had previously been built 
in the park by the Park Commission 
to provide 600,000 g.p.d. of water for 
use in the park. The value of the re- 
claimed sewage and the sludge had 
been demonstrated to the park authori- 
ties, in particular to Mr. John Mc- 
Laren, the creator of Golden Gate 
Park. The conditions imposed by the 
Park Commission were that the plant 
units should be fully housed or covered, 
should be operated without any un- 
sightly or malodorous conditions, that 
the Park Commission should have all 
the sludge delivered as filter cake and, 
upon demand should be furnished up 
to 3 m.g.d. of plant effluent, treated to 
activated sludge standards, delivered 
to a lake in the park, to be used for 
irrigation and other similar use. 

In 1935 design work was begun on 
the plant to be constructed in Golden 
Gate Park, which was officially desig- 
nated as the Richmond-Sunset Plant, 
and the plant was put in operation in 
1939. Coneurrently the tunnel from 
24th and Lake Streets to Fulton Street 
and the sewer line thence to the treat- 
ment plant site were designed and put 
under construction. The initial de- 
sign requirements set up in the Con- 
sulting Board report were for a popu- 
lation of 200,000 with an average daily 
flow of 15 m.g. After the contracts 
were awarded for the necessary works 
to divert the sewage from the Marina 
and Bakers Beach, the funds avail- 
able from the original bond issue and 
PWA grant were insufficient to con- 
struct the plant to the initial recom- 
mended capacity. The plant as de- 
signed and constructed was reduced 
to meet the requirements to the extent 
that available funds permitted, with 
provision for additional units when 
the increase in sewage flow required ex- 
pansion. 

In accordance with the original rec- 
ommendations the plant provides 
mechanically cleaned bar rack screens, 
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grease removal by short period aera- 
tion, sedimentation with discharge of 
the effluent after chlorination through 
the existing Mile Rock sewer, adjacent 
to the plant, to the waters of the Gol- 
den Gate Strait, sludge digestion, 
sludge filtration with provisions for 
storing the filter cake in bins for de- 
livery to trucks which haui it to park 
storage. In working out the design, 
certain features then somewhat unique 
were incorporated ; these were mechani- 
cal preflocculation to increase removal 
in the sedimentation process, water jet 
skimming, using plant effluent as the 
water supply, and sludge elutriation 
to reduce chemical cost. These fea- 
tures have been invaluable aids in se- 
curing adequate treatment under the 
existing conditions of plant overload. 


Enlargement of Richmond-Sunset 
Plant 


As a part of the present program of 
construction (Figure 2), the capacity 
of the plant is being increased by the 
provision of additional units to meet 
fully the requirements to the year 
1970 or beyond. Accurate measure- 
ments of sewage flow during the period 
the plant has been in operation, to- 
gether with records of plant perform- 
ance, have furnished the basic informa- 
tion for the design of the new plant 
units. The entrance channel bar rack 
screens and grit-grease removal units 
are of sufficient capacity to take the 
full design flow. Two new mixing 
(mechanical flocculation) tanks and 
two new sedimentation tanks are being 
constructed of the same dimensions as 
the original units. With the new units 
added, the plant will provide 5 min. 
preaeration for grease flotation, 23 
min. mixing period in the mechanical 
flocculation tanks and 1.08 hr. deten- 
tion period in the sedimentation tanks 
for a flow rate of 20 m.g.d. The new 
construction will provide a safe margin 
of excess capacity when the popula- 
tion reaches 300,000, which is that esti- 
mated for 1970. 
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FIGURE 2.—Richmond-Sunset sewage treatment plant, San Francisco, Calif., as en- 
larged: A—Pretreatment Building; B—Mixing and Sedimentation Building; C—Primary 
Digester; D—Secondary Digester; E—Main Building; F—Non-potable Water Storage 


Building; G—Garage. 


For reasons of economy the original 
housing of the sedimentation tanks 
was light timber construction. In the 
present construction the temporary 
timber structure is being replaced by 
a building of reinforced concrete with 
liberal use of structural glass block. 
In the new building, which houses 
both the present and the new tanks, 
provision has been made for adequate 
mechanical ventilation in the operating 
space to eliminate any dead air in the 
building. 

The water spray skimming in the 
original construction has proven so 
satisfactory that the new tanks are 
equipped with the same type. This 
consists of cross lines of pipes at 15-ft. 
9-in. intervals with nozzles at 3-ft. 3- 
in. intervals. These cross pipes are 1 
ft. above the water level in the tanks 
and may be rotated manually to se- 
cure the most effective skimming ac- 
tion. All the cross pipes are connected 
to a header along the side of the tank. 
The scum material is recovered from 
one corner of the inlet end of the tank 
by means of a scum trough which is 


. lowered by means of a cable and winch, 


operated manually to receive the scum 
while it is forced into the tank area 
adjacent to the trough. 

The mixing or flocculation units are 
each 33.5 ft. square and 10 ft. deep. 
Each is equipped with two horizontal 
paddles separated by a wood baffle to 
maintain under flow across the tank. 

The sedimentation tanks are each 
100 ft. long by 33.5 ft. wide and 10 ft. 
deep equipped with two sprocket and 
chain driven flights of wood scrapers 
for sludge removal. The sludge is all 
carried to the inlet end where it is con- 
centrated in a sludge hopper by a short 
eross flight scraper. 

The sludge is removed from the 
sludge hopper by pumping from a 
sump below the floor of the tanks to 
sludge thickening tanks into which the 
scum is also discharged. In _ these 
tanks sludge stratification takes place. 
The heavy sludge sinks to the bottom, 
the scum rises to the top with a com- 
paratively clear intermediate zone. In 
operation the top and bottom layers 
are pumped to the digestion tank. 
The middle portion is returned to the 
sewage inflow. Provision has been 
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made for enlargement of the sludge 
thickening tanks to meet the design 
flow conditions. 

Four effluent launders parallel to the 
longitudinal axis of the tanks in addi- 
tion to the end weir in each tank pro- 
vide a weir with a total crest length 
slightly more than 900 ft. and a dis- 
charge rate of 22,000 g.p.d. per lineal 
foot of weir crest for the average rate 
of design flow. 

The sludge and scum are discharged 
at present into an 80-ft. diameter by 
32-ft. sidewall digestion tank with in- 
ternal heating by four sets of vertical 
hot water coils. This tank has insuffi- 
cient capacity to provide proper sludge 
digestion. Moreover, the motor driven 
mixing propellers so greatly interfere 
with the settlement of sludge that no 
appreciable thickening occurs. On 
the contrary, due to the liquefication 
and gasification taking place in the 
tank, the contents have a moisture 
content higher than the freshly intro- 
duced sludge and are practically homo- 
geneous from top to bottom. The pres- 
ent construction provides a new 
digestion tank 100 ft. in diameter 
with 34-ft. sidewall, in which the sludge 
will be internally heated by a battery 
of ten sets of vertical hot water coils 
with a new type of motor-driven mix- 
ing propeller. The existing digestion 
tank will be remodeled as a secondary 
unit without heating or circulation 
equipment and with a gas-holder cover. 
With the additional digestion tank ca- 
pacity, the design provides 0.95 cu. ft. 
per capita (300,000 population) in the 
primary tank and 0.50 cu. ft. per 
capita in the secondary tank, equiva- 
lent to 60 days holding period. 

Counter current elutriation of di- 
gested sludge was provided in the orig- 
inal installation. The installation is 
of sufficient capacity to meet the ex- 
panded design requirements. In the 
piping rearrangement, provision has 
been made for the use of single stage 
elutriation of the primary sludge be- 
fore its introduction into the secondary 
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tank. This operation will be carried 
out at night. It is expected that by 
this operation a higher quality of di- 
gestion tank supernatant will be pro- 
duced than is possible with standard 
practice of stage digestion operation. 
The provision is somewhat experimen- 
tal and will be used as a guide for fu- 
ture design. 

The elutriated sludge is conditioned 
by dosage with ferric chloride prior 
to filtration. Due to the inadequate 
digestion capacity, the entire contents 
of the digestion tank are filtered. 
Even with this handicap, elutriation 
has made possible a moderate chemical 
dosage. With the additional digestion 
tank capacity and opportunity for 
establishing quiescent conditions in 
the secondary tank, and with the aid 
of intermediate elutriation, a very con- 
siderable decrease in chemical require- 
ments should be effected and a reason- 
ably well clarified digestion tank 
effluent should be secured. 

The elutriated sludge is at present 
filtered on an 8- by 8-ft. vacuum filter. 
An additional filter is being installed 
to provide a spare unit and additional 
capacity as and when required by the 
increase in sewage flow. A new flash 
type mixing unit will replace the pres- 
ent conditioning tank to eliminate the 
breaking of the chemical floc. 

The filter cake is carried by belt con- 
veyor to elevated hopper bottom bins 
from which it is loaded into trucks. 
This arrangement has proven satis- 
factory. A truck scale is being in- 
stalled so that the filter cake will be 
weighed as handled from the plant. 

The filter cake has been used in the 
parks and on the golf courses for the 
past eight years. While its value as 
a soil conditioner has been recognized, 
it has not been entirely satisfactory 
due to the difficulty of proper distri- 
bution. The present high cost for the 
park labor has greatly increased the 
cost of spreading and working into the 
ground. This difficulty has brought 
about a change in the manner of hand- 
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ling the cake. In the design of the 
North Point sludge treatment works 
at Islais Creek, provision is being made 
to receive the sludge cake, delivered 
by truck, and dehydrate it along with 
the sludge cake produced at the Islais 
Creek Plant. After dehydration it 
can be delivered to the park authori- 
ties in bulk and distributed without 
diffieulty. 

Provision has been made for chlorine 
dosage in the head works and for efflu- 
ent disinfection. The plant effluent 
has consistently been of such quality 
that the beach waters have shown a 
coliform index of less than 10 per ml., 
which is the limit set by the State De- 
partment of Public Health for beach 
waters. With the effective grease re- 
moval secured (70 per cent) and re- 
moval of suspended solids (generally 
75 per cent) there has been no evidence 
either physical or bacterial of contami- 
nation of the beaches west of the 
Presidio or along the Pacifie Ocean 
beach. It is considered that the pres- 
ent construction program will meet the 
requirements for prevention of pollu- 
tion of the shore waters in this area for 
at least 20 vears. 

Incidental to the construction of the 
Richmond-Sunset Plant it was neces- 
sary to construct a small pumping 
plant to pick up the sewage from a 
residential area lying below the gravity 
intercepting line from 24th and Lake 
in the Sea Cliff section. The plant is 
located on a cliff in close proximity to 
high class residential development. 
Effort was expended to make this plant 
harmonize with the development in the 
area. 


Pumping Plant for Marina 


Concurrently with the development 
of the plant design for the Richmond- 
Sunset Plant the problem of design of 
a suitable pumping plant for the Ma- 
rina District was undertaken. The 
only practicable available site was in 
the Marina Park adjacent to the Yacht 
Harbor. The Park Commission agreed 
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to permit the construction of the plant 
provided it should be entirely under- 
ground. The plant, as constructed, 
meets this condition. The bottom of 
the sewage sump is 15.5 ft. below sea 
level in a filled area originally part of 
the Pacifie International Exposition 
held in 1915. The structure is a cir- 
eular unit 55 ft. inside diameter with 
a middle diaphragm wall. On one side 
of the division wall are located the 
pumping unit and controls; the sewage 
sump occupies the space on the other 
side. The plant is entered by means 
of two stairways, one to the sump and 
the other to the pump room. The 
stairways are covered by hinged grat- 
ing doors. The plant is mechanically 
ventilated through a pipe outlet car- 
ried up to simulate a flag pole, which 
is the only part of the structure above 
eround. 

The pumping plant has a capacity of 
25 m.g.d., which represents an allow- 
ance of 10 m.g.d. for average sewage 
flow and 15 m.g.d. for storm-water 
runoff equivalent to 0.02 in. per hour 
from the tributary area of 1,043 acres. 
The pressure line from the plant dis- 
charges into a gravity sewer east of 
Fort Mason and thence to the North 
Point outfall. It will be carried into 
the North Plant for treatment under 
the present design program. 


North Point Treatment Plant— 
General Conditions 


After the completion of the program 
of construction above described, no 
further work was undertaken until the 
end of the war. Late in 1944, as a part 
of a postwar planning program, pre- 
liminary design work was begun on the 
North Point Plant. The firm of Met- 
ealf and Eddy and the writer’s office 
were employed to review the original 
recommendations for treatment and 
make such suggestions as were deemed 
warranted to meet present require- 
ments. 

Following a review of the conditions 
as they presently exist, the conclusion 
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was reached that the fine screening of 
the sewage would not adequately meet 
standards of sewage treatment which 
would, at an early date, be required 
before its discharge would be per- 
mitted in the waters of the San Fran- 
cisco Bay. This conclusion antedated 
’ by some months the action of the Cali- 
fornia State Department of Public 
Health, which on March 11, 1946, 
adopted a resolution revoking all per- 
mits for the discharge of raw sewage 
into any waters of the state, and set up 
a degree of minimum treatment re- 
quirements which would not be met by 
fine screening. The upgrading of 
state requirements indicated that a 
number of other changes from the 
original recommendations should be 
made. The program outlined for the 
plant provided for grease removal and 
removal of solids by sedimentation to 
the degree which has proven satisfac- 
tory in the Richmond-Sunset Plant, 
with digestion of the sludge and dis- 
posal of the digested sludge. 

The plant location recommended in 
the original report was considered the 
only practicable one which could be 
used. The change in the basic treat- 
ment process necessitated a change in 
the arrangement of the units and an 
increase in the area required. The 
site selected is on the west side of 
Kearny Street, utilizing property on 
both the north and south sides of Bay 
Street. A portion of the area provides 
excellent foundation conditions, some 
of it in rock. Toward the bay shore, 
the area is filled, with no solid underly- 
ing material within reach by excava- 
tion. Plant units in this area will 
require heavy expenditures for pile 
supports. With the limited area which 
could be made available without exces- 
sive costs for property acquisition, it 
was deemed impracticable to provide 
for sludge digestion and disposal at 
North Point. The decision was reached 
that the sludge could be transported by 
pipe line to a sludge disposal plant site 
in the industrial area of the city, and 
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that the Southeast Plant could be con- 
structed adjacent to the sludge disposal 
plant with provision for handling all 
the sludge from the North Point Plant, 
the Southeast Plant and a future plant 
for Visitation Valley. Likewise, the 
sludge cake from the Richmond-Sun- 
set Plant, the disposal of which has be- 
come a problem, could be dried and 
disposed of along with the sludge from 
the North Point Plant. 

With these major decisions made, the 
design of the plant has been proceed- 
ing for the past year. An important 
change in the original reeommenda- 
tions is in the effluent discharge line. 
These recommendations called for a 
line some 2,300 ft. long into water 50 
ft. deep. The existing regulations of 
the War Department require that no 
part of any structure in the navigable 
waters of San Francisco Bay shall be 
less than 50 ft. below the surface at 
low tide. This regulation considerably 
increased the required length of line to 
reach water of sufficient depth so that 
the structures would not encroach on 
the depth clearance. Furthermore, 
the necessary depth of the outfall line 
in the slip between the piers would 
require excavation which might en- 
danger the pier structures. With the 
degree of treatment recommended, the 
conclusion was reached that effluent 
discharge at the pierhead line would 
meet all requirements for proper dis- 
posal. The plans make provision for 
discharge at the pierhead as later 
briefly described. 

In the following general description 
of the North Point primary treatment 
plant, the Cross-Town sludge force 
lines and the North Point sludge treat- 
ment plant at Islais Creek, special em- 
phasis is given to those features of 
design thought to be relatively new or 
somewhat of a departure from the 
more conventional methods of sewage 
and sludge treatment plant design. 
All units at each plant will be com- 
pletely housed in reinforced concrete 
buildings and provided with forced 
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draft ventilation as necessary for the 
control and dissemination of air and 
gases. At the sludge treatment plant 
the ventilation air will be exhausted 
through a 200 ft. high stack in connec- 
tion with the exhaust gases from the 
dryers. With the facilities to be pro- 
vided, it is anticipated that no problem 
will arise from the location of the 
plants in proximity to closely built up 
residential areas. 


Design Bases 


The present estimated average dry 
weather sewage flow to the plant is 45 
m.g.d., all of which is presently dis- 
charged into the slip adjacent to Pier 
37. Design average dry weather flow 
has been set at 65 m.g.d. with hydraulic 
capacity to handle a maximum rate 
during storms of 150 m.g.d. All flows 
in excess of this rate will be diverted 
direct to the Bay through an existing 


overflow arrangement with certain 
modifications. 

On the basis of the few days of the 
winter months when heavy storms 


occur and when the use of beach areas 
and shore waters for recreational pur- 
poses are at a minimum, it has been 
deemed impracticable to separate the 
storm water system or to provide treat- 
ment capacity in excess of the 150 
m.g.d. rate. In regard to the design 
dry weather flow of 65 m.g.d., this too 
has been set as an all time maximum 
in the sewage program as all dry 
weather flows in excess of this amount 
will be intercepted and diverted to the 
proposed Southeast Plant which will 
be constructed on a site adjacent to the 
North Point sludge treatment plant at 
Islais Creek. This feature of dry 
weather flow diversion is a natural and 
feasible arrangement by reason of 
topographic conditions of the area. 
Design population for the plant has 
been estimated at 835,000 persons, in- 
cluding an allowance for the large 
number of commuters and a certain 
amount for industrial waste equiva- 
lents. Based upon the design flow of 
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65 m.g.d., the flow per capita will be 
78 gallons. 

The area serving the plant comprises 
all of the downtown business area with 
its relatively large number of food 
handling establishments and the den- 
sely populated apartment and _ hotel 
areas. No great industrial plants, 
particularly those contributing consid- 
erable quantities of industrial waste, 
are located within the tributary area, 
therefore the dry weather sewage flow 
is a comparatively strong domestic sew- 
age of the following characteristics: 
suspended solids: 400 p.p.m. with 80 
per cent volatile; 5-day B.O.D.: 350 
p.p.m.; ether soluble matter : 100 p.p.m. 


Description of Plant Units 


The pretreatment units to be pro- 
vided will consist of coarse bar racks 
having 4 in. clear spacing between 
bars, followed by four rectangular grit 
removal units, after which will be lo- 
eated mechanically cleaned bar screens 
having *%4 in. clear spacing between 
bars. A Parshall flume will be located 
on the discharge side of each grit tank 
for quantity measurement and for ve- 
locity control between 0.65 and 1.1 ft. 
per second. The washed grit and 
screenings will be trucked daily to the 
municipal sanitary fill operations for 
disposal along with the city refuse and 
garbage. 

The screened and grit free sewage 
next flows to the lift station where five 
centrifugal multispeed pumps driven 
by synchronous motors will discharge 
the sewage to the preaeration sedimen- 
tation tanks. These pumps will have a 
combined capacity of 150 m.g.d. and 
each will discharge through a separate 
line to the tanks under constant head 
conditions. This arrangement will 
eliminate the need for the installation 
of expensive and sometimes trouble- 
some check and gate valves in the lines. 

The six preaeration sedimentation 
tanks will provide a total displacement 
period of 2.0 hours at average daily 
design flow, 0.5 hour of which will be 
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provided in the preaeration compart- 
ments and the remaining 1.5 hours in 
the sedimentation compartments. The 
subsidence rate for sedimentation has 
been set at 1,300 gal. per sq. ft. per 
day and the overflow weir rate for the 
axially located multiple effluent laund- 
ers at 20,000 gal. per lineal foot per 
day, all based on average daily design 
flow. Air will be supplied at a rate 
of from 0.05 to 0.10 ecu. ft. per gal. 
through vertical porous plate diffusers 
just above the flight collectors in the 
preaeration compartments. The sepa- 
ration between the preaeration and 
sedimentation compartments in each 
tank is accomplished by means of a 
eross baffle wall extending down from 
a point just below the normal water 
surface to a point sufficiently above 
the tank floor to permit the sludge col- 
lectors to travel underneath. All flow 
between compartments will be under- 
neath the baffle wall. <A tilting trough 
skimmer will be located on top of the 
baffle wall to act as the top portion of 
the baffle and to permit skimming from 
the surface of either tank compart- 
ment. The skimming pipes will be 
fed by surface spray nozzles suspended 
from the cross walks and using plant 
effluent for moving floating material 
from the surface, as now used at the 
Richmond-Sunset Plant. The sludge 
removed from the bottom of the tank 
floor will be deposited at the effluent 
end by the flights. The arrangement 
and location of the flights will elimi- 
nate any trouble from solids deposition 
on the floors of the preaeration sections 
during periods of minimum or no aera- 
tion. The overall arrangement also 
provides a simple means of accomplish- 
ing two phases of treatment in one 
single structure. 

Prechlorination for odor control and 
final chlorination for effluent disinfec- 
tion will be provided. Initial contact 
and mixing for final chlorination will 
be accomplished by means of a cireu- 
lar contact chamber with tangential 
entry at the surface and with a bottom 
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discharge located in the center of the 
eonically shaped floor. This arrange- 
ment ereates a vortex flow condition 
that has proven to be effective. 

A Palmer-Bowlus flume will be in- 
stalled ahead of the chlorine contact 
chamber for the measurement of flow. 

The plant effluent will be discharged 
into the Bay by means of four lines, 
two on each of Piers 33 and 35 which 
are of concrete construction and ex- 
tend 1,000 ft. off shore. The discharge 
lines will be carried on the pier strue- 
tures very close to the water surface 
and terminate by means of a special 
outlet structure in a downward bend 
of 45 degrees in 30 ft. of water. The 
use of multiple outlets provides a 
method of distributing the weight on 
the existing piers and at the same time 
affords distribution and diffusion of 
the effluent over a larger area. 


Cross-Town Sludge Force Lines 


Suspended solids removal in the 
North Point Plant has been set in the 
design at 75 per cent, a figure that has 
been demonstrated to be reasonable by 
the operation of the existing Richmond- 
Sunset Plant under similar conditions. 

The sludge and grease resulting from 
the 75 per cent removal of suspended 
solids will be pumped six miles to the 
North Point sludge treatment plant. 
Multispeed motor-driven centrifugal 
pumps will pump the sludge and grease 
through two 10-in. diameter lines 
at velocities between 3.5 and 4.5 ft. 
per second. The design contemplates 
pumping sludge and grease containing 
2 per cent solids, and this concentra- 
tion will be carefully maintained at the 
pumping end. In figuring capacities 
the lines have been designed to handle 
the probable amount of ground gar- 
bage that will be discharged into the 
sanitary sewers by the use of home 
erinders. It has been estimated that 
this quantity of garbage may eventu- 
ally amount to 25 per cent of the nor- 
mal sewage solids. 

In the initial operation only one line 
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is necessary for sludge conveyance. 
Due to the necessity of providing elu- 
triation water for the sludge treatment 
plant, plant effluent from North Point 
will be pumped in the other 10-in. line. 
After construction of the proposed 
Southeast Plant, plant effluent will be 
available from this source for elutria- 
tion. At this time, both lines may be 
called into service for sludge convey- 
ance. 

Considerable thought and study 
have been given to the characteristics 
of the sludge pumping facilities to 
maintain a reasonably high coefficient 
of discharge with a minimum of main- 
tenance. In addition to the usual 
mechanical cleaning devices for peri- 
odie cleaning of the lines, provision 
will be ineorporated for heavy shot 
dosages of chlorine with accompanying 
flushings with plant effluent at high 
velocities, also a type of lining has been 
specified which will, it is believed, to a 
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great extent eliminate organic growths 
and slime accumulations. 


North Point Sludge Treatment Plant 
at Islais Creek 


The 1 m.g.d. of sludge and grease 
from North Point will be received at 
the sludge treatment plant (Figures 
3 and 4) and processed through the 
following treatment plant units, more 
completely described later: receiving 
and thickening, digestion, elutriation, 
ferric chloride conditioning, vacuum 
filtration and flash drying, with the 
final product to be sold as a soil condi- 
tioner. In addition to the filter cake 
processed from North Point sludge the 
flash dryers will handle the filter cake 
hauled from the Richmond-Sunset 
lant. 

In addition to the preceding treat- 
ment units a waste treatment unit 
is to be provided for treating the waste 
liquors or the liquid by-products re- 








FIGURE 3.—North Point sludge treatment plant, San Francisco, Calif. 
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FIGURE 4.—Schematic flow diagram, North Point sludge treatment plant, 
San Francisco, Calif. 


sulting from solids processing. In 
other plants these wastes are usually, 
but not without some difficulty, dis- 
charged into the plant influent for 
treatment along with the much greater 
flow of raw sewage; however, the raw 
sewage flow for this plant will be 
treated six miles away at North Point. 
Therefore, it has been deemed neces- 
sary to provide a waste treatment unit 
to handle a waste liquor flow of 1.5 
m.g.d. with a 5-day B.O.D. of some 
1,000 p.p.m., and reducing this B.O.D. 
to the strength of domestic sewage for 
final disposal without nuisance into the 
existing sanitary sewers. After the 
Southeast Plant is constructed to serve 
this area the waste liquor, either 
treated or untreated, can be discharged 
into the plant influent as plant opera- 
tion dictates as best at that time. 

The raw sludge entering the thicken- 
ing and receiving unit at 98 per cent 
moisture will be thickened to 96 per 
cent moisture prior to pumping into 
the sludge digestion units. Each of 
the two duplicate tanks to be provided 
will be 90 ft. by 18 ft. by 12 ft. side- 
water depth and will have a displace- 
ment period of 2.5 hours and a subsi- 
dence rate of 900 gal. per sq. ft. per day 
at design rate of sludge inflow. Each 
tank is divided into two compartments 
by a concrete baffle wall; the upstream 
compartment will be used for grease 
flotation and will have mechanically 
operated flights traveling transversely 
to skim the surface accumulations of 
grease and scum into a mixing tank 
hopper. The flights for removing the 
settled solids from the tank floors will 





travel longitudinally toward the in- 
fluent end of each tank. Sludge and 
grease will normally be discharged into 
the mixing tanks where it will be thor- 
oughly mixed by air agitation prior to 
being pumped to the digestion units. 
Heavy duty plunger type pumps will 
be used for this purpose and will dis- 
charge through two separate lines to 
the two digestion control buildings. 
The overflow or excess moisture from 
the thickening operation will flow by 
eravity to the waste treatment unit. 
Chlorination facilities for periodic or 
continuous chlorination of the raw 
sludge will be provided at North Point. 
In addition to the special design fea- 
tures for the sludge and grease hand- 
ling in this unit, considerable thought 
and study were involved in working 
out the ventilation and exhaust system 
for an operation of this kind. 

After thickening the sludge will be 
received at the two digestion control 
buildings each serving its respective 
group of five digestion tanks. The ten 
tanks are each 100 ft. in diameter by 
30 ft. sidewater depth, and will provide 
a total detention time of 60 days with 
an expected volatile solids reduction of 
70 per cent. Each tank will be 
equipped with a floating cover and an 
interconnected piping arrangement 
within the control buildings to permit 
operation of any ratio of primary to 
secondary digestion that experience 
indicates most desirable and effective. 

It is proposed to heat the tank con- 
tents by means of external heaters and 
heat exchangers located in the control 
buildings and used in connection with 
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the sludge recirculation pumps. The 
supernatant liquor will be discharged 
at a continuous rate 24 hours per day 
to the waste treatment unit. Sludge 
gas will be piped to a relatively small 
gas-holder followed by a gas booster 
station for distribution to the dryers, 
digestion tank heating and the steam 
boiler for building heating, ete. The 
low pressure gas piping, boosters, 
meters, ete., are to be isolated from the 
other plant buildings in a separate 
structure to minimize the ever present 
explosion hazard. The gas require- 
ments for the purposes mentioned will 
utilize most of the gas produced, and 
present plans do not contemplate the 
utilization of any excess. It is ex- 
pected that with the construction of 
the proposed Southeast Plant it may 
be desirable to utilize the excess gas for 
power generation unless it proves eco- 
nomieally feasible to sell the excess gas 
to the local utility. 

Following digestion the sludge from 
the secondary tanks will be pumped 
through two lines to the elutriation 
unit. This unit will include two pair 
of tanks designed for two stage counter 
current operation. Each tank will be 
16 ft. by 60 ft. by 12 ft. average side- 
water depth, and will provide a dis- 
placement period of 3 hours when com- 
bined with 3 volumes of elutriation 
water (plant effluent pumped from 
North Point). The waste elutriate 
from the first stage tanks will be dis- 
charged by gravity to the waste treat- 
ment unit. 

The elutriated sludge from the first 
stage tanks will be pumped to four 
sludge and ferrie chloride mixing 
tanks, each feeding one of the four 
vacuum filters and all located in the 
same building with the elutriation 
units. Each mixing tank will feed its 
respective filter through a short section 
of straight pipe to avoid the possibility 
of line clogging by the heavy coagu- 
lated sludge. The ferric chloride will 
be received at the plant in rubber 
lined. tank ears, discharged therefrom 
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to storage and thence to the solution 
feeders by means of compressed air. 
The four vacuum filters are each 8 ft. 
diameter by 14 ft. long; three filters 
will be used for continuous operation 
with one as a standby. Design load- 
ing for the three in continuous opera- 
tion, 5 days per week, is 4.5 lb. of dry 
solids per sq. ft. per hour to produce 
a total of 200 tons of 72 per cent mois- 
ture filter cake per operating day. The 
filter cake will be transferred to the 
flash dryers located in the dryer build- 
ing by means of belt conveyors. At 
this point the Richmond-Sunset cake 
will be introduced. The vacuum filter 
filtrate will be discharged by gravity 
to the waste treatment unit. 

The flash dryer building will house 
the three drying furnaces and the fa- 
cilities for storing and loading of the 
dried sludge. Two of the drying units 
are designed for continuous operation 
five days per week, with a third identi- 
cal unit for standby operation. Each 
dryer will have an average daily ca- 
pacity to deliver 30 tons of dried 
sludge of 8 per cent moisture content. 
Digestion tank gas will be supplied as 
fuel for the furnaces. The dried 
sludge will be delivered by belt con- 
veyor to overhead concrete bins having 
a week’s storage capacity. The sides 
of these bins will be nearly vertical 
and the bottoms will be occupied en- 
tirely by a system of power driven 
conveyor screws arranged to form a 
so-called live bottom. This design will 
eliminate the possibility of the sludge 
arching over or hanging up when being 
withdrawn from the bins. The bins 
will be arranged for dumping into 
special closed body trucks, but the lay- 
out ‘is such that loading into railroad 
ears can be done if future conditions 
justify their use; likewise, the layout 
permits the future installation of sack- 
ing equipment. 

The demand for dried sludge for soil 
conditioning in this area has made it 
apparent that the demand will absorb 
all the excess sludge not required by 





the city for parks, golf courses, and the 
like. 

All waste liquors from the sludge 
handling and processing facilities men- 
tioned previously will be received and 
treated at the waste treatment unit. 
This unit will provide facilities for 
the treatment of the combined wastes 
composed of the excess moisture from 
thickening, the digestion tank super- 
natant liquor, the spent elutriate and 
the vacuum filter filtrate containing 
some iron salts. The unit will be 
composed of four rectangular tanks, 
two of which will be used for violent 
mixing and aeration and two for 
final sedimentation. The aeration tanks 
will be equipped with porous plate 
vertical diffusers run the full length 
of each tank, and will provide an 
aeration period of 2 hours with air 
applied up to a maximum of 1 eu. ft. 
per gal. of waste at maximum design 
rate of flow. The sedimentation tanks 
will provide 2 hours total displace- 
ment period and will be equipped with 
conventional flight collectors for re- 
moving the settled solids from the 
floors of the tanks to the sludge hop- 
pers located at the influent end. The 
sludge thus collected will be pumped 
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to the digestion tank system for treat- 
ment along with the raw sludge from 
thickening. The entire unit has been 
designed to be converted later, with a 
minimum of modifications, into an 
elutriation unit to serve the proposed 
Southeast Plant if conditions at that 
time justify the conversion. 

For administration and control, both 
the North Point primary treatment 
plant and the sludge treatment plant 
will be provided with the necessary 
bacteriological and chemical labdora- 
tories, administrative offices, conference 
room, machine shop, garage, locker 
rooms, lunch room for plant personnel, 
and various other utility rooms. 

The city water distribution system 
supplying each plant will be protected 
from contamination due to cross con- 
nections in the plant system by the in- 
stallation of a completely separate 
plant pumping station. This station 
will provide a means for a physical 
separation through an air gap between 
the two distribution systems. Water 
for supplying drinking fountains, hand 
and face washing lavatories, and 
shower baths will be supplied directly 
from the city mains, all other will be 
pumped after the separation. 


DEVELOPMENTS IN SEWAGE DISPOSAL FOR SAN 
FRANCISCO—A DISCUSSION 


By Rateu G. WaApDswortH 


City Engineer, City and County of San Francisco, Calif. 


Mr. Kennedy’s paper is an extremely 
comprehensive description of the sew- 
age disposal program which has been 
under way in San Francisco since the 
first funds were provided by a bond 
issue of $2,625,000 voted on November 
7, 1933. The problem was recognized, 
however, long before that date. In 
1874, the annual report of the City 
Health Officer contained the following 
comments on Mission Creek, which then 
drained the area south of Market 


Street : 





“Few seem to know its extent or its 
filthiness. From away beyond Eighteenth 
Street, where it originates in a pond, down 
past Sixteenth Street, at its intersection 
with Harrison—the very recollection of 
which locality by a person who has visited 
it, is almost sufficient to sicken—to the out- 
let in Mission Bay and even beyond, it 
smells to heaven with a loudness and per- 
sistence that the strongest nostrils may not 
withstand, and the disinfectants of a me- 
tropolis could not remove.” 


Mr. Kennedy very properly gives 
eredit to the late C. E. Grunsky for the 
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first engineering study of San Fran- 
cisco’s sewer system and the first ap- 
proach to a solution of the disposal 
problem. Mr. Grunsky was _ respon- 
sible for the preparation of two exten- 
sive reports, the first in 1893, describ- 
ing conditions then existing, and the 
second in 1899, presenting a complete 
sewage works plan. 

In the latter report Mr. Grunsky 
listed four possible methods of disposal, 
namely: dilution by discharge into 
ereat bodies of water; chemical treat- 
ment; filtration; and application to 
land for irrigation. He concluded that 
‘the streneth and volume of tidal eur- 
rents, which are available and within 
such easy reach in the ease of this 
City, are so great, when compared with 
the volume of sewage, that it is mani- 
fest that only the first method of dis- 
posal need be considered.”’ 

The Grunsky report refers to float 
observations made by the U. 8. Coast 
Survey in the years 1871 to 1875 and 
also to later observations made under 
his own direction in 1893. Based on 
these observations he designated four 
prominent points on the San Fran- 
cisco shore line considered to be safe 
locations for sewer outfalls, but added 
the precaution that discharge outlets 
should be well off shore and in deep 
water. 

A prominent consulting engineer 
from the East Coast engaged to review 
the Grunsky report went still further 
when he reported as follows: 

“From the well established data regard- 
ing the safe dilution of sewage, it can be 
readily calculated that under the most 
favorable conditions the Bay could receive, 
hy a proper dispersion and dilution, the 
sewage of over 30,000,000 of people with- 
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out becoming even noticeable. There is, 
therefore, no question but that the sewage 
of San Francisco ean be properly disposed 
of into the tide water of the Bay.” 


How gratifying it would have been to 
the cities now surrounding the Bay had 
this prediction proved to be true. 

Since the date of the Grunsky re- 
port, approximately $18,000,000 have 
been expended on major sewage works 
projects in San Francisco including 
about $3,000,000 for treatment plant 
land and _ construction. The addi- 
tional plants now contemplated, in- 
cluding interceptors and pumping 
stations, will probably cost in the 
neighborhood of $15,000,000. 

The Marina and Sea Cliff pumping 
stations mentioned by Mr. Kennedy 
are in operation on a 24-hour basis. 
The Richmond-Sunset treatment plant 
is also in operation in spite of the en- 
largement work which is now under 
way. ; 

In closing, attention is directed to 
the strictly impersonal nature. of Mr. 
Kennedy’s presentation. As a matter 
of fact, he has been in constant per- 
sonal touch with all of the developments 
which he describes. The plans for the 
North Point sludge treatment plant, 
described at the end of his paper, are 
being prepared in his office under the 
terms of an engineering contract with 
the city. Other design work has been 
completed or is being performed in the 
City Engineer’s Office under the gen- 
eral direction of H. C. Vensano, Di- 
rector of Public Works. On all of this 
work, however, Mr. Kennedy has been 
employed as consultant and he and his 
staff have contributed greatly to the 
results accomplished. 








SEWAGE SLUDGE AS A BIOZEOLITE 


By C. E. K&erer 


Deputy Sewerage Engineer, Bureau of Sewers, Baltimore, Md. 


Numerous theories have been ad- 
vaneed to explain the functioning of 
the activated sludge process. Among 
these is the one suggested by Theriault 
(1) (2) (3) (4) (5) that activated 
sludge is a base-exchanging substance 
chemically identical with the zeolites 
used to remove hardness from water. 
As the writer knew of no further work 
done to verify Theriault’s investiga- 
tions, experiments were conducted at 
the Back River sewage treatment plant 
in Baltimore in order to throw addi- 
tional light on this problem. Since 
the solids in activated sludge have 
many of the same characteristics as 
the solids in raw and digested sludges, 
tests were made to see if these two 
latter materials also had zeolitie char- 
acteristics. 


Sludges Used 


Tests were made using three kinds 
of sludge; raw, digested and activated. 
Raw sludge was obtained from me- 
chanically cleaned primary sedimenta- 
tion tanks treating a fairly strong do- 
mestic sewage free from grit and storm 
water. The digested sludge was drawn 
from heated digesters, and the acti- 
vated sludge was collected from aera- 
tion tanks with a detention period of 
approximately 6 hours. The average 
analyses of these sludges are given in 
Table I. 


TABLE I.—Average Analysis of Sludges 














Solids Volatile Solids, 
Kind of Sludge Content Dry Basis, 
(%) (%) 
Raw primary 4-6 80-82 
Digested primary 5-6 55-60 
Activated 0.75-1.00 | 80-82 





Each of these materials was dried in 
an oven at 103°C. and then put into a 


muffle furnace to reduce the volatile 
content to the values given in Table IT. 


TABLE II.—Number of Tests Made When 
Filtering Settled Sewage Through 
Various Sewage Sludges 























Raw Sludge | Digested Sludge | Activated Sludge 
—_—_——__— —— _| 
Volatile Volatile Volatile 
Matter, | Number| Matter, | Number| Matter, | Number 
Dry of Dry ° Dry fe) 
Basis, Tests Basis, Tests Basis, Tests 
(%) | (%) (%) 
———— | 
0 | 4 0 4 0 4 
10 | 4 6 4 15 4 
30 6 is | 6 27 6 
52.1 | 6 | 236 | 5 | 553] 5 
| 








The activated sludge had the highest 
volatile content of 55.3 per cent. The 
volatile solids in each of the sludges 
was reduced in four successive steps 
until none remained. Tests were made 
at the end of each step. After drying 
and removing a portion or all of the 
volatile matter, the material was in 
eranular form with particle sizes vary- 
ing from about 1 to 3 mm. Twenty 
erams of this material was put into a 
\%-in. glass tube, mounted in an up- 
right position. The average depth of 
the sludge was about 181% inches. 


Description of Experiment 


To determine if the sludges had 
zeolitie properties, varying quantities 
of primary sedimentation tank effluent, 
which had been filtered through cotton 
to remove coarse suspended materials, 
were allowed to filter through each of 
the sludges. The ammonia in the in- 
fluent and in the effluent was deter- 
mined by nesslerization. After the 
material was no longer capable of re- 
moving ammonia from the sewage, the 
sludge was regenerated by the applica- 
tion of a 10 per cent NaCl solution 
and the test was repeated. 
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FIGURE 1.—Ammonia removed from sewage by filtering through charred RAW sludge 
containing 10 per cent volatile matter. 
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FIGURE 2.—Ammonia removed from sewage by filtering through charred RAW sludge 
containing varying amounts of volatile matter. 
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FIGURE 3.—Ammonia removed from sewage by filtering through charred DIGESTED 
sludge containing 6 per cent volatile matter. 
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FIGURE 4.—Ammonia removed from sewage by filtering through charred DIGESTED 
sludge containing varying amounts of volatile matter. 
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FIGURE 5.—Ammonia removed from sewage by filtering through charred ACTIVATED 
sludge containing 15 per cent volatile matter. 
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FIGURE 6.—Ammonia removed from sewage by filtering through charred ACTIVATED 
sludge containing varying amounts of volatile matter. 
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TABLE III.—Ammonia Removed by Filtering Settled Sewage Through Raw Sludge Solids 
Containing 10 Per Cent Volatile Matter 



































Test 1 | Test 3 Test 4 
(21 p.p.m. NH; in (20 p. Ms tg NH j in (21 p.p.m. NH3 in (16 p.p.m. NHs3 in 
Quantity of applied sewage) | applied sewage) applied sewage) applied sewage) 
Sewage Treated | | 
NHs Removed L NHs Removed | NH; Removed NH: Removed 
Summa- | | Summa- | | Summa- Summa- Summa- 
Ml. tion Pt.M: ip tion PPM. tion P.P.M. tion PPM. tion 
(ml.) 4 (mg.) | | (mg.) (mg.) (mg.) 
5 5 | 20 | 0100} 19 | 0.095} 20 | 0100 | 16 | 0.080 
25 | 30 21 | 0.625 | 20 | 0.595 2) 0.625 15 0.455 
25 55 21 | 1.150 20 | 1.095 21 1.150 16 0.855 
25 80 21 | 1.675 | 20 | 1.595 | 21 1.675 16 1.255 
25 105 21 | 2.200 | 20 | 2.095 21 2.200 16 1.655 
25 130 20 | 2.700 | 19 | 2.570 16 2.600 16 2.055 
25 155 — | — | 17 | 2.995 12 2.900 — -- 
25 180 — —- | 12 | 3.295 9 3.125 — — 
25 205 — | — 7 | 3.470 8 3.325 — — 
25 230 — 5 3.595 6 3.475 — — 
25 255 — 3 | 3.670 6 3.625 — — 
25 280 — | - 3 | 3.745 | 5 3.750 - -~ 
25 305 | — - — | — | 5 3.875 — si 
25 | 330 | — ~- —- | — | 4 3.975 | — — 











TABLE IV.—Ammonia Removed by Filtering Settled Sewage Through Raw Sludge Solids 
a 52.1 Per Cent Volatile Matter 











Test 1 | Test | Test 3 | Test 4 Test 5 Test 6 
(22 p heat NH | (22 p.p.m. 2 NHS | (19 p. p. wl NHs3 | (19 p.p.m. NH: | (24 p.p.m. NH3/| (19 p.p.m. NHz 
Quantity of in applied | in applied | in applied | in applied | in applied in applied 
Sewage sewage) | sewage) sewage) sewage) sewage) sewage) 
Treated | = 


| | | | 
NH; Removed | NH; Removed NH; Removed NH; Removed NH:; Removed | NH: Removed 
: | | 





| | | | | 
Sum- | Sum- Sum- 


Sum- | Sur Sum- | Sum- | 
Ml. |mation| P.P.M.) | mation | | p. P.M.| mation | P.P.M.| mation | P.P.M.| mation} P.P.M./ mation} P.P.M.} mation 








(ml.) | (mg.) ) | | (mg.) | (mg.) (mg.) (mg.) (mg.) 
Paes 


5 5 17 | 0.085 | 22 | 0.110; 18 | 0.090} 17 | 0.085 0 |0.000} 17 | 0.085 
25 | 30 17 |0.510; 22 /|0.660/ 18 /|0.540} 17 | 0.510 3 |0.075| 18 | 0.535 
25 55 17 | 0.935 | | 22 {1.210} 19 | 1.015; 14 |0.860; 21 |0.600; 19 | 1.010 
25 80 17 | 1.360; 22 | 1.760} 19 | 1.490} 16 | 1.260; 23 | 1.175) 19 | 1.485 
25 | 105 17 |1.785| 22 |2.310) 19 |1.965| 16 | 1.660} 24 |1.775| 19 | 1.960 
25 | 130 16 |2.185| 19 | 2.785; 19 | 2.440} 11 |1.9385] 24 |2.375) 19 | 2.435 
25 | 155 14 |2.535| 17 |3.210} 19 |2.915] 11 |2.210| 24 |2.975|-19 | 2.910 


« 











25 | 180 14 |2.885| 13 | 3.535] 19 | 3.390 7 |2.3885| 24 |3.575| 19 | 3.385 
25 | 205 14 | 3.235] 11 |3.810] 19 |3.865| 6 |2.535| — — 19 | 3.860 
25 | 230 14 | 3.585 | 6 | 3.960; 19 | 4.340 5 | 2.660; — = 19 | 4.335 
25 | 255 | — — | 6 {4.110} 19 | 4.815 3 | 2.735) — — 19 | 4.810 
25 | 20; — — | 6 |4.260; 19 5.290 3 |2.810; — — 19 | 5.285 
25 | 305 | — — | 4 | 4.360 17 |5.715] — | — — — 19 | 5.760 


25 | 330 | — 5 ees — | ll 5.990} — | — — | — | 19 |6.235 
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TABLE V.—Ammonia Removed by Filtering Settled Sewage Through Digested Sludge Solids 
Containing 6 Per Cent Volatile Matter 








Quantity of 
Sewage Treated 


| Summa- | 
Ml. tion 
(ml.) 
5 j 5 
25 30 
25 55 
25 | 80 
25 105 
25 130 
25 155 
25 180 
25 205 
25 230 
25 255 
25 280 
25 | 305 
25 330 





Test 4 


(16 p.p.m. NH in 


applied sewage) 











NH; Removed 




















| Test 1 Test 2 Test 3 
(21 p.p.m. NH; in (20 p.p.m. NH: in (21 p.p.m. NH; in 
applied sewage) applied sewage) applied sewage) 
| | 
| NH: Removed NHs Removed | NHs Removed 
| 
| Summa- } Summa- | Summa- 
| PPM 4. Sou PPM: tion P.P.M tion P 
| | (mg.) (mg.) | |  (mg.) 
| H H 
| 21 | 0.105 | 20 | 0100|~ 21 0.105 | 
21 0.630 20 0.600 21 0.630 
21 1.155 20 1.100 21 1.155 
21 | 1.680 20 1.600 21 1.680 
21 | 2.205 | 18 2.050 21 2.205 
20 | 2.705 | 17 2.475 14 2.555 
- - 11 2.750 9 2.780 
6 2.900 7 2.955 
2 2.950 5 3.080 
1 2.975 4 3.180 
1 | 3.000 3 | 3.255 
| i 1 | 3.025 3 | 3.330 
| — - a 3 3.405 | 
. -— 2 ee ae 3.455 | 
| | 





Summa- 
tion 
(mg.) 
0.080 
0.480 
0.880 
1.280 
1.680 
1.880 
1.980 
2.055 
2.105 
2.130 
| 2.155 

aoe 

















TABLE VI.—Ammonia Removed by Filtering Settled Sewage Through Digested Sludge Solids 
Containing 23.6 Per Cent Volatile Matter 









































Test 1 Test 2 Test 3 Test 4 Test 5 

(22 p.p.m. NHs in | (19 p.p.m. NHs3 in | (19 p.p.m. NHs in | (24 p.p.m. NHs in | (19 p.p.m. NHs in 

Quantity of applied sewage) applied sewage) applied sewage) applied sewage) applied sewage) 

Sewage Treated eA Ae 

NH; Removed NH: Removed NH: Removed NHs Removed NHs Removed 
| Summa- Summa- Summa- Summa- Summa- Summa- 

Ml. | tion Pr... tion P.P.M. tion P.P.M. tion Par. tion P.P.M. tion 

(ml.) (mg.) (mg.) (mg.) (mg.) (mg.) 

5 | 5 17 0.085 19 0.095 19 0.095 24 0.12 19 0.095 
25 | 30 18 0.535 | 19 0.570 16 0.495 24 0.72 19 0.570 
25 | 55 19 1.010 19 1.045 18 | 0.945 | 24 1.32 | ° 19 1.045 
25 | 80 20 1.510 19 1.520 18 | 1.395 24 1.92 19 1.520 
25 | 105 19 1.985 19 1.995 18 1.845 24 2.52 19 1.995 
25 | 130 Le 2.410 19 2.470 16 2.245 24 3.12 19 2.470 
25 | 155 15 2.785 19 2.945 13 2.570 24 3.72 19 2.945 
25 | 180 10 3.035 19 3.420 9 2.795 24 4.32 19 3.420 
25 | 205 | 8 3.235 19 3.895 8 2.995 — — 19 3.895 
25 | 230 6 | 3.385| 19 | 4.370 7 | 3170} — — 19 | 4.370 
25 | 255 4 3.485 19 4.845 5 3.295 — — 19 4.845 
25 | 280 3 3.560 19 5.320 5 3.420 — — 19 5.320 
25 | 305 3 3.635 18 5.770 —- | — — — 19 5.795 
25 | 330 | — — 18 | 6.220} — — — — 19 | 6.270 
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TABLE VII.—Ammonia Removed by Filtering Settled Sewage Through Activated Sludge Solids 
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Containing 15 Per Cent Volatile Matter 








Quantity of 
Sewage Treated 


25 
yA 
25 
25 
2 
25 
25 
25 
25 
25 
25 


St 


imma- | 
tion | 


(ml.) 





5 
30 
55 
80 
105 | 
130 
155 


180 


205 
230 
255 | 











Test 1 Test 2 | Test 3 | Test 4 
(21 p.p.m. NHs in (21 p.p.m.NHsin | (20p.p.m.NHsin | (16 p.p.m. NHs3in 
applied sewage) applied sewage) | applied sewage) | applied sewage) 
NH: Removed NHs Removed NH; Removed | NHs Removed 
Summa- Summa- Summa- | | Summa- 
P.P.M. tion P.P.M. tion P.P.M. tion | P.P.M. tion 
(mg.) (mg.) | (mg.) | (mg.) 
20 | 0.100) 17 | 0.085 | 20 | 0.100 | 16 | 0.080 
20 | 0.600 19 | 0560} 20 | 0600 | 16 | 0.480 
21 1.125 20 | 1.060 20 | 1.100 16 0.880 
18 1.575 20 1.560 20 1.600 16 | 1.280 
16 1.975 21 2.085 20 |} 2.100 | 16 | 1.680 
13 2.300 20 | 2.585 20 | 2.600 9 1.905 
11 2.575 | 16 | 3000 | 5 | 2.030 
8 2.045 - “f 3.175 | 2 | 2.080 
7 2.950 } - 3 | 3.250 | 2 2.130 
6 | 3100) - } a | 3275 | 1 | 2155 
5 | 3.225 1 | 3.300 | 1 | 2.180 
- 1 | 3.825 | — | — 
| 








TABLE VIII.—Ammonia Removed by Filtering Settled Sewage Through Activated Sludge Solids 


Test 1 
(24 p.p.m. NHs 








Quantity of | in applied 
Sewage | sewage) 
Treated ae See 

NH; Removed 

—as l 

Sum- | | Sum- 

Ml. | mation} P.P.M./ mation 
(ml.) | (mg.) 
5 | 5] 21 |0.105| 

25 | 30 20 | 0.605 

25 55 24 | 1.205 | 

25 80 22 | 15755) 

25 105 20 | 2.255 

25 130 20 | 2.755 

25 155 19 | 3.230 

25 180 17 | 3.655 | 

25 205 15 | 4.030 

25 | 230 13 | 4.355 

25 255 10 | 4.605 

25 | 280 9 | 4.830 

25 305 8 | 5.030 

25 | 330 6 | 5.180 

25 | 355 6 | 5.330 














Containing 27 Per Cent Volatile Matter 


Test 2 Test ¢ | Test 4 | Test 5 | Test 6 
(19 p.p.m. NHs |} (24 p.p.m. NHs3| (20 p.p.m. NHs | (19 p.p.m. NHs/} (19 p.p.m. NHs 


in applied in appliec in appliec in applied in applied 
sewage) | sewage) sewage) sewage) sewage) 





| 
NHs Removed | NH; Removed | NH3 Removed | NHs Removed | NH; Removed 





| 
| 
| | | 
n- Sum- | Sum- Sum- | Sum- 


Sur 1- | | 
P.P.M./ mation | P.P.M.| mation | P.P.M.| mation | P.P.M,| “ing | P.P.M.} mation 
| (mg.) 


(mg.) (mg.) (mg.) | | (mg.) 


19 |0,095| 23 0.115 | 19 |0.095| 17 |0.085| 15 | 0.075 
19 |0.570| 23 |0.690! 19 |0.570| 19 10.560] 16 | 0.475 
19 | 1.045/ 24 | 1.290) 20 | 1.070} 19 | 1.035] 17 | 0.900 
19 | 1.520] 24 | 1.890| 1.570| 18 | 1.485] 16 | 1.300 
16 | 1.920! 20 | 2.390 1.995} 16 | 1.885] 16 | 1.700 








20 
17 
15 |2.295| 18 |2.840] 14 |2.345| 13 |2.210| 13 | 2.025 
13 | 2.620] 14 |3.190} 13 | 2.670) 10 | 2.460] 11 | 2.300 
11 |2.895} 11 |3.465| 11 |2.945| 7 |2.635| 10 | 2.550 
9 |3.120! 9 |3.690} 8 13.145) 6 |2.785| 7 | 2.725 
7 13295} 8 |/3890| 6 /3.295| 5 |2.910| 6 | 2.875 
5 |3.420| 7 |4.065| 5 |3.420) 4 |3.010| 5 | 3.000 
4 | 3.520] 6 |4.215] 4 |3.520| 3 |3.085| 5 | 3.125 
4 |3.620/ 5 |4.340| 4 |3.620| 2 |3.135| 4 | 3.225 
—|— | 5 |4465} 3 |3695) — | — | — | — 
mot 2 oe, Ss 




















| 3.770 —j}j—]—]— 
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Results 


Due to the lack of space only a por- 
tion of the more pertinent data is given 
(Figures 1 to 6 and Tables III to 
VIII). 

Table III and Figwit 1 give the 
quantities of ammonia removed from 
the sewage when filtering the material 
through raw sludge solids containing 
10 per cent of volatile matter. Four 
tests or filtration cycles were made. 
At the end of each eyele the sludge 
was reactivated with sodium chloride. 
These tests indicate that it was possible 
to remove from 2.0 to 2.5 mg. of am- 
monia before an appreciable quantity 
was present in the effluent. This 
amount is equivalent to 100 to 125 mg. 
per 1,000 grams of sludge. The great- 
est removal was obtained during Test 
3 when 3.975 mg. was removed from 
330 ml. of sewage. 

Table IV gives another group of 
tests using raw sludge containing 52.1 
per cent volatile matter. In this group 
the sewage was filtered six times. Dur- 
ing Test 6 of this series 6.235 mg. of 
ammonia was removed from 330 ml. of 
sewage. At the termination of this 
test there was no indication that the 
sludge had lost its power of removing 
ammonia from the sewage. 

Figure 2 shows the amount of am- 
monia removed when using raw sludge 
containing various amounts of volatile 
matter. Each of the curves gives the 
average results for each group of tests 
when using sludge with a. volatile 
solids content as shown. These tests 
indicate that the sludge devoid of vola- 
tile matter was least effective in re- 
moving ammonia. The sludge contain- 
ing 30 per cent volatile matter gave 
the best results. 

Table V and Figure 3 give the 
amounts of ammonia removed from 
sewage when brought in contact with 
digested sludge containing 6 per cent 
of volatile matter. Four tests or filtra- 
tion cycles were made. During Test 3 
of this series 3.455 mg. of ammonia 
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was removed from 330 ml. of sewage. 
Table VI gives the quantities of am- 
monia removed from the digested 
sludge containing 23.6 per cent of 
volatile matter. High removals were 
obtained during the second and the 
fifth tests. A summary of the results 
when using digested sludge containing 
varying amounts of volatile matter is 
given in Figure 4. As was the case 
with the raw sludge, only a small 
amount of ammonia was removed by 
the sludge from which all of the vola- 
tile matter had been removed. The 
best removals were obtained when 
using sludges that had 13 and 23.6 per 
cent of volatile matter. 

The results when using activated 
sludge are given in Tables VII and 
VIII and Figures 5 and 6. In general 
the removal of ammonia was the same 
as when raw and digested sludges were 
used except that the amounts were 
somewhat less. 


Discussion and Conclusions 


All three of the sludges were capable 
of removing ammonia from sewage. 
This ability decreased in inverse pro- 
portion to the amount removed. In 
every instance it was possible to reacti- 
vate the sludge many times with sodium 
chloride. Raw sludge was the most 
effective in removing ammonia; di- 
gested sludge gave the next best re- 
sults; activated sludge was the least 
effective. 

The inorganic residues remaining 
after all of the volatile solids were 
driven off from the three sludges were 
about equally effective in removing 
ammonia. The presence of compara- 
tively small amounts of volatile matter 
considerably increased the amount of 
ammonia removed. The ability to re- 
move ammonia resided more in the vola- 
tile material than in the fixed solids. 

The removal of only 100 to 125 mg. 
of ammonia from sewage per 1,000 
grams of solids (0.1 to 0.125 lb. per 
1,000 lb.) indicates that the action of 
activated sludge as a zeolite is of negli- 
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gible value. By the time raw sewage 
solids enter aeration tanks, they fre- 
quently have been in contact with the 
sewage for hours and will have taken 
up most or all of the ammonia possible. 
No doubt as these solids pass through 
the aeration tanks they become more 
finely divided by the agitation of air. 
New interfaces are thus produced be- 
tween the solids and the sewage, per- 
mitting a base exchange of ammonium 
ions. 

If it is assumed, however, that the 
suspended solids entering an aeration 
tank exclusive of the return activated 
sludge (this material will have taken 
up all the ammonium ions possible dur- 
ing its previous passages through the 
aeration tanks) amounts to 150 p.p.m., 
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and each 1,000 lb. of these solids can 
remove 0.125 Ib. of NH,, 0.156 lb. of 
NH, per million gallons of sewage or 
0.02 p.p.m. would be removed. As the 
amount of NH, normally removed by 
the activated sludge process varies 
from about 10 to 20 p.p.m., it is ap- 
parent that the removal of ammonia is 
largely due to causes other than a base- 
exchange reaction. 
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OXIDATION OF REDUCED SULFUR COMPOUNDS 
IN SEWAGE * 


By H. HEUKELEKIAN AND Rusy LASSEN 


New Jersey Agricultural Experiment Station, New Brunswick, N. J. 


Sulfur in sewage is present in either 
organie or inorganic forms. The or- 
eanie sulfur in sewage is extremely 
low (0.2 p.p.m.) according to Elder 
and Buswell (1). The inorganic sulfur 
is mostly in the form of sulfates. 

The sulfate content of domestic sew- 
age varies according to geological and 
resultant soil formations from which 
the water supply is derived. The sul- 
fate content of domestic sewage in cer- 
tain regions may be as high as 200 to 
300 p.p.m. and in others it may be as 
low as 20 to 40 p.p.m. 

There are indications that organic 
sulfur and sulfates do not represent all 
the sulfur in sewage. In septic sewage 
a part of the sulfate is reduced to sul- 
fides; in addition Pomeroy and Bowlus 
(2) indicate that thiosulfates might 
also be present (up to 10 p.p.m). 

The quantity of sulfur and the type 
of sulfur compounds present in sewage 
are greatly modified by the presence of 
industrial wastes. Many industries 
contribute large quantities of sulfates 
either in the form of acids or combined 
with different cations; furthermore, 
sulfur dioxide, thiosulfates, sulfites, 
and sulfides may be discharged by vari- 
ous industrial processes. 

Little is known as to the effect of 
these sulfur compounds on sewage 
treatment processes and their relative 
rate of oxidation. Information regard- 
ing the effect of various forms of re- 
duced sulfur compounds on the oxida- 
tion processes is meager. This paper 
reports on studies of the rates of oxi- 


* Journal Series Paper of the New Jersey 
Agricultural Experiment Station, Dept. of 
Sanitation, Rutgers University, New Bruns- 
wick, N. J. 
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dation of sulfur compounds under 
aerobie conditions. 


Methods 


The sulfur compounds selected for 
study were sodium sulfite, sodium sul- 
fide, sodium acid sulfite, sodium thio- 
sulfate, sulfur dioxide and hydrogen 
sulfide. The first four of these com- 
pounds were used in 100 p.p.m. coneen- 
trations as §, the last two in 10 p.p.m. 
concentrations as §. The first four 
compounds were added to (a) sewage, 
(b) heat sterilized sewage, (c) an acti- 
vated sludge-sewage mixture contain- 
ing 1,000 p.p.m. suspended solids, and 
(d) sewage containing 1,000 p.p.m. of 
trickling filter slime. These various 
mixtures were aerated with diffused 
air. Portions were removed at inter- 
vals, and after the sludge was settled, 
sulfates were determined. Aseptic 
methods were used to maintain steril- 
ity of the heat sterilized series during 
aeration. 

Aeration could not be used for sul- 
fur dioxide and hydrogen sulfide be- 
cause these gases would be liberated 
and lost. Hence it was necessary to 
study their oxidation under quiescent 
conditions. In order to maintain dis- 
solved oxygen during the period of 
quiescent incubation, the concentra- 
tion of these compounds had to be 
lowered to 10 p.p.m. Water instead 
of sewage was used as a substrate. 
The dissolved oxygen of the water and 
oxygen supplied from surface reaera- 
tion under quiescent conditions main- 
tained an aerobic condition. The oxi- 
dation of these compounds could not 
be studied, for the same reason, in the 
presence of biologically active materi- 
als such as activated sludge and trick- 
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ling filter slime. The oxidation of 
these compounds was, therefore, de- 
termined by using water as a men- 
struum with and without 1 ml. per liter 
of sewage as inoculum. 

The oxidation of the sulfur ecom- 
pounds used, with the exceptions noted 
below, was determined by measure- 
ment of the increase in sulfate content. 
In each series a control run was made 
of the sterilized and non-sterile sew- 
age, and the increase in sulfates was 
determined during the _ incubation 
period. The sulfates in the controls 
were subtracted from the sulfates in 
the mixtures to which artificial addi- 
tions of sulfur compounds were made 
for the corresponding periods and 
series. The increase in sulfates thus 
obtained was attributed to the oxida- 
tion of the added sulfur compounds. 

Sulfates were, at first, determined 
by the usual method of precipitation 
with barium chloride from acid solu- 
tion. As‘some of the reduced forms 
of sulfur, added artificially, were also 
precipitated by this method, the pro- 
cedure was changed so that only sul- 
fates were included in the precipita- 
tion. With the  benzidine — hydro- 
chloride method, sulfites, sulfides, and 
bisulfites are not precipitated. The 
results reported in this paper are based 
on the use of the wenzidine hydro- 
chloride method whenever the presence 
of these interfering sulfur compounds 
necessitated its use. 

Since thiosulfates interfere with the 
benzidine hydrochloride method, the 
oxidation of this compound was stud- 
ied by measuring the loss of thiosul- 
fate by the iodine titration method. 
Similarly, the loss of the added hy- 
drogen sulfide and sulfur dioxide was 
measured by the iodine titration 
method. 

The accuracy of the _ benzidine 
method for sulfate determination was 
checked by the addition of known 
amounts of sulfates to sewage. The 
recovery was within + 2.4 per cent and 
— 3.4 per cent in triplicate determina- 
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tions with a total sulfate content of 
195 p.p.m. 


Results 


Coincident with the studies on the 
oxidation of added sulfur compounds, 
analyses were made on the total sulfur 
and sulfate contents of a number of 
sewages from different plants in New 
Jersey. These sewages were of strictly 
domestic origin and in a fresh econdi- 
tion. 


TABLE I.—Toteal Sulfur and Sulfate 
Contents of Sewage 








Sulfate Total | Non-sulfate 
Sewage No.| Sulfur | Sulfur | Sulfu 
| (p.p.m.) (p.p.m.) | (p.p.m.) 

1 | of0 | 301 | 5.5 

2 26.0 | 35.9 9.9 

3 23.7 31.6 7.9 

243 | 28.4 4.1 

5 27.5 | 39.4 11.9 

6 33.1 | 446 | 115 

7 | 38.4 | 49.5 | 11.1 
eee ee aoa hae 

Ave. m2 | oi |: Se 





The results are assembled in Table I. 
The sulfate content varied from 24.3 
to 38.4 p.p.m., expressed as 8S, with an 
average of 28.2 p.p.m. sulfur in the 
form of sulfate. Total sulfur varied 
from 28.4 p.p.m. to 49.5 p.p.m. with an 
average of 37.1 p.p.m. expressed as 8. 
The difference between the total sul- 
fur and sulfate sulfur represents sul- 
fur in forms other than sulfate. <A 
small portion of this non-sulfate S is 
in organic form and the remainder is 
inorganic sulfides, sulfites, thiosulfates, 
ete., which represent the forms of sulfur 
which might be subject to oxidation. 
The quantity of this foria of sulfur 
varied from 4.1 to 11.9 p.p.m., with an 
average of 8.9 p.p.m. expressed as 8. 

The quantities of sulfur compounds 
in domestie sewage subject to potential 
oxidation are therefore small, and the 
experiments designed to show the rate 
of oxidation of this component nor- 
mally occurring in sewage are subject 
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TABLE II.—Oxidation of Sulfur in Sewage Upon Aeration 



































Aeration 4 Sulfate Sulfur (p.p.m.) 
Period 
(days) 
Non-Sterile Sterile 
0 24.6 26.0 23.7 24.3 24.6! 26.05 23.7 24.3 
1 | 25.9 36.4 32.3 27.9 24.9 37.6 28.3 27.5 
2 | 25.2 37.1 31.9 27.5 24.8 37.9 30.3 27.9 
3 | 30.3 — — — | 30.8 — —_ = 
4 -- — | 32.3 — — — 32.7 — 
5 | — — — 28.2 — _— — 28.1 
6 | 30.4 - - — 30.7 - _ — 
7 | 20 — — 28.2 30.4 — — 28.2 
Max. increase 5.8 1G 8.6 3.9 5.8 11.9 9.0 3.9 
in sulfate S 
Non-sulfate S | 55 | 99 | 7.9 1.1 5.5 9.9 7.9 4.1 
originally =| | 
present | | | 
| | | 











1 Sterilized with formaldehyde; all others heat sterilized. 


to some experimental error because of 
the small quantities involved. 

The results of a number of tests with 
sterilized and non-sterile sewage, .as- 
sembled in Table II, show that upon 
aeration a consistent increase in sul- 
fate content is obtained, indicating the 
oxidation of the reduced forms of sul- 
fur originally present in sewage either 
in organic or inorganic forms. It is 
of interest to note that within the aera- 
tion periods employed the maximum in- 
crease in sulfates is at least equal to the 
non-sulfate sulfur originally present in 
the sewage, indicating a complete re- 
covery and oxidation. On occasions 
the increase in sulfate is higher than 
the original oxidizable sulfur content 
of the sewage, which is to be attributed 
to experimental errors; the discrepancy 
is not in excess of 1 to 2 p.p.m. It is 
also to be noted that the oxidation of 
the sulfur compounds in sewage was 
nearly as complete under sterile con- 
ditions as in the presence of bacteria. 
It appears that the oxidation of these 
reduced sulfur compounds native to 
sewage ean take place chemically. 

The oxidation of 100 p.p.m. of arti- 
ficially added reduced sulfur com- 
pounds, when aerated with sterilized 
and non-sterile sewage and in the pres- 


ence of biologically active material, is 
shown in Figure 1. The results are 
presented as percentages of added sul- 
fur oxidized after allowance has been 
made for the cxidation of sulfur com- 
pounds native to sewage. 

The results indicate that sodium 
sulfite, sodium sulfide, and sodium acid 
sulfite are oxidized as rapidly in sterile 
sewage as in non-sterilized sewage 
when an ample supply of oxygen is 
present. Sodium thiosulfate is not 
oxidized, however, in the absence of 
microorganisms. The addition of bio- 
logically active material increased the 
rate of oxidation of each of these com- 
pounds. 

It appears that the oxidation in the 
sewage may be chemical because of the 
paucity of the proper oxidizing flora. 
In the presence of an established spe- 
cialized flora the oxidation is mainly 
biochemical and proceeds at a higher 
rate. Within 5 to 10 hours the oxida- 
tion is nearly complete. 

The difference in the flora in the 
activated sludge and trickling filter 
slime in inducing the oxidation of these 
compounds does not seem significant. 
In the case of sodium thiosulfate the 
effect of biologically active material in 
increasing the rate of oxidation over 
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FIGURE 1.—Comparison of the rates of oxidation of 100 p.p.m. (expressed as S) of 
sulfite, sulfide, acid sulfite and thiosulfate of sodium, upon aeration with sewage. 


that obtained by sewage organisms is 
not so great as with the other com- 
pounds. 

The rates of oxidation of hydrogen 
sulfide and sulfur dioxide are graphi- 
eally shown in Figure 2. These ma- 
terials were added in 10 p.p.m. con- 
centration to water. In one series no 
inoculum was introduced and in the 
other 1 ml. of sewage was added per 
liter. Both were kept under quiescent 
conditions with only surface reaera- 
tion. 

The method of approach using water 
as a substrate and low concentrations 
of these compounds was necessitated 
by the volatile nature of the gases. 
Since the oxidation is measured by 
the disappearance of these substances 
rather than by the formation of sul- 
fates, the possibility that a part of 
the gases were lost to the atmos- 
phere rather than actually oxidized, is 
not ruled out. With these precautions 
it seems that hydrogen sulfide dis- 
appears from solution at about the 


same rate as sulfide, sulfite or acid 
sulfite. The similarity of the rates 
adds to the plausibility of an actual 
oxidation, since the sulfides and sulfites 
could not be lost by volatilization. 
The ‘fact that the rate of disappearance 
of sulfide is the same with and without 
seeding points toward a chemical oxi- 
dation of this compound. It is pos- 
sible that seeding might have been 
inadequate both qualitatively and quan- 
titatively, but apparent oxidation took 
place. 

Sulfur dioxide disappeared at a re- 
duced rate as compared with hydrogen 
sulfide. The oxidation of SO, also ap- 
pears to be chemical. 


Discussion 


The study was designed to determine 
the rate of oxidation of a number of 
reduced inorgarie sulfur compounds 
in sewage, simulating the conditions of 
aerobic treatment. No information has 
been obtained on the effect of sulfides, 
sulfites, thiosulfate, ad sulfur dioxide 
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on the aerobic treatment processes. 
Information is needed regarding the 
effect of various concentrations of 
these compounds on the purification 
effected by activated sludge and trick- 
ling filters. The effect on the condi- 
tion of the activated sludge would be 
of interest. 

These different sulfur compounds are 
discharged in a number of industrial 
wastes in varying quantities. The 
limit of tolerance of biological treat- 
ment processes toward these com- 
pounds needs to be determined. The 
possibility of developing a special flora 
and fauna capable of coping with these 
materials is of interest from the stand- 
point of their separate treatment. 

This study is, therefore, only a par- 
tial answer to the problem. It shows 
that sulfur compounds are readily oxi- 
dized in sewage. The oxidation may 
be chemical or biochemical depending 
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upon the presence or absence of a spe- 
cialized oxidizing flora as is found in 
activated sludge or trickling’ filter 
slime. Sewage does not seem to have 
such an active flora because the rates 
of oxidation are nearly alike in sterile 
and non-sterile sewage. 

Of the compounds used thiosulfate 
is the only one that cannot be oxidized 
without bacteria. The rate of oxida- 
tion of sulfur dioxide is the slowest of 
all, but this might be due to the exi- 
gencies of experimental conditions 
which precluded the use of an active 
flora. Hydrogen sulfide under similar 
conditions of poor seeding oxidized as 
rapidly as the sulfides and sulfites in 
the presence of adequate sewage or- 
ganisms. 

Elder and Buswell (1), approaching 
the problem from the standpoint of 
the oxygen demand of a number of 
sulfur compounds, concluded that the 
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FIGURE 2.—The oxidation of 10 p.p.m. of hydrogen sulfide and sulfur dioxide (expressed 
as S) in seeded and unseeded water solutions. 
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oxygen demand of sodium sulfocyanate 
may be biochemical. The oxidation of 
other compounds such as thiosulfate, 
metabisulfite, sulfite and suifide is 
more chemical than biochemical be- 
eause of the rapid rate of oxygen 
consumption. 

In fresh domestic sewage there are 
small and variable quantities of re- 
duced sulfur compounds. The quan- 
tity varies from 4 to 12 p.p.m. with an 
average of 9.0 p.p.m. in the sewages 
tested. Only a small portion of this 
is organic sulfur. Since the sewages 
used were fresh and of strictly domes- 
tie origin, the likelihood of appreciable 
percentages of the reduced sulfur com- 
pounds being due to sulfides is small. 
It seems probable that the reduced 
sulfur compounds present in sewage 
are in the forms of sulfites, thiosulfates 
and thionates. 

The oxidation rate of these native 
reduced sulfur compounds corresponds 
to that of the selected group of sulfur 
compounds artifically added to sewage. 
Both types of mixtures are oxidized 
completely under aerobic conditions; 
they are also oxidized under sterile 
and non-sterile conditions. 


Summary and Conclusions 


Sodium salts of sulfide, sulfite, acid 
sulfite, and thiosulfate were added in 
100 p.p.m. concentrations to sewage, 
the normal flora of which was artifi- 
cially modified by adding biologically 
active material such as activated sludge 
or trickling filter slime, or completely 
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destroyed by heat sterilization. These 
mixtures were aerated with diffused 
air. The inerease of sulfates in com- 
parison with controls was used as an 
indication of oxidation. With hydro- 
gen sulfide and sulfur dioxide, the 
above method was modified by preclud- 
ing artificial aeration, by maintenance 
of the materials under quiescent con- 
ditions, and by use of water as a sub- 
strate. Biologically active slime could 
not be added. Comparisons were made 
between seeding with 1 ml. of sewage 
per liter and without seed. The oxida- 
tion was measured by the rate of dis- 
appearance of these compounds. 
The results show the following: 


(1) Fresh domestic sewage contains 
an appreciable quantity of reduced 
sulfur compounds. 

(2) These compounds, native to 
fresh domestic sewage, are oxidized 
completely by aeration whether under 
sterile or non-sterile conditions. This 
characteristic suggests that the reduced 
sulfur compounds in sewage are not 
organic in nature. 

(3) The artificially added sulfur 
compounds (with the exception of thio- 
sulfate) were readily oxidized in sew- 
age under sterile conditions. 

(4) The rate of oxidation was en- 
hanced in the presence of the biologi- 
eally active flora of activated sludge 
and trickling filter slime. 

(5) The rate of oxidation of sulfur 
dioxide was the lowest of all the com- 
pounds tested under the conditions of 
the experiment. 
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In his discussion of B.O.D. in 
‘‘Stream Sanitation’’ Phelps (1) makes 
note of the fact that when ‘‘nitrifica- 
tion begins to assert itself, it fre- 
quently requires oxygen in considera- 
bly greater quantity than is required 
during the first stage (B.O.D.) and 
sometimes complicates the determina- 
tion of the first stage B.O.D.’’ This 
fact has been recognized by Adeney 
2), Theriault (3) and others in their 
studies on B.O.D. of polluted waters 
and industrial wastes. 

MohlIman (4) has called attention to 
the fact that in determining B.O.D. 
on activated sludge or trickling filter 
effluents which may be in a stage of 
active nitrification, values are obtained 
which are misleading as regards the 
degree of stabilization of the effluents. 
Abbot (5) was made aware of this ef- 
feet in his work with stabilized effluents 
and attempted to correct it by using 
the values obtained after 2 or 3 day 
incubation periods. 

More recently Sawyer and Bradney 
(6) reported on this effect at Sioux 


Falls. They recognize, as did the 
earlier investigators, that these high 
values are the result of nitrogenous 


oxidation which has superimposed it- 
self over the small residual carbona- 
eeous B.O.D remaining in the effluent. 
Sawyer and Bradney suggest that such 
effluents be pasteurized before deter- 
mination as a corrective measure, and 
the results of their experiments indi- 
eate that pasteurization does not af- 
fect the carbonaceous stage of the 
B.O.D. test. 


* Presented at Twentieth Annual Meeting, 
Central States Sewage Works Association; 
Duluth, Minn.; June 20, 1947. 


Sanitary District of Chicago 


Sanitary District Experience 


As far back as 1934, the influence of 
nitrifying organisms on the B.O.D. of 
activated sludge effluent was - noted 
during the coarse of some special ex- 
periments at the North Side plant of 
the Sanitary District of Chicago, but 
since: the plan of operation did not in- 
clude the production of nitrates, no 
study was made of the problem. In 
1940 a similar condition was noted at 
the Southwest plant and, though it 
was of no particular interest from the 
standpoint of operation, a series of 
studies aimed at interpreting the high 
B.O.D. of nitrifying samples was ini- 
tiated. 


Exploratory Tests 


Table I shows the results of a set of 
exploratory experiments in which set- 


TABLE I.—Exploratory B.O.D. Results on 
Treated and Untreated Settled Sewage 





i in — mann 
| 








Acidified 
Test No. | Untres ated Pao | — Senet 
| | 24 Hr. 
| (p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) 
1 | @ 32 | 52 28 
2 | 45 49 | 39 37 
3 | 58 56 | 54 58 
4 | 100 98 | 100 93 
5 | 83 84 | 70 83 
s | 121 | 109 114 
,. }> 84 | 84 84 
8 | 235 225 235 215* 
9 | 67 70 66 71** 
Ave. 91 | 90 87 











* Held 72 hr. ** Held 48 hr. 

tled sewage was used as the media. 
The purpose of these tests was to de- 
termine if pasteurization or acidifica- 
tion as a means of sterilization changed 
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the values for the carbonaceous stage 
of B.O.D. The comparison between 
the B.O.D. obtained on the untreated 
samples and the acidified is in almost 
perfect agreement. The results for 
the pasteurized samples while some- 
what more variable than the acidified 
are still in very close agreement with 
the untreated. 

Table II shows the results of tests 
made simultaneously with those de- 
scribed above. For these tests re- 
aerated activated sludge effluent was 
used. Again the two methods checked 
remarkably well with each other. Both 
are considerably lower than the un- 


TABLE II.—Exploratory B.O.D. Results on 
Treated and Untreated Activated Sludge 
Plant Effluent (Reaerated) 














. Acidified Pasteur- _ 9 
: Untreated} to pH F 
Test No. 3.0-2.0 ized at. 
(p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) 
1 22.5 13.2 10.0 10.5 
2 10.6 2.9 3.4 2.9 
3 10.2 3.0 3.1 2.8 
4 4.2 3.3 3.4 2.8 
5 11.0 2.7 2.4 2.4 
6 4.8 2.1 2.1 2.0 
7 4.7 2.8 2.3 2.5 
8 2.7 2.0 2.5 2.5* 
9 8.8 2.4 2.4 a2." 
Ave 8.8 3.8 3.5 3.4 

















* Held 72 hr. ** Held 48 hr. 
treated sample. While no determina- 
tions of nitrite or nitrate were ob- 
tained, the method of handling this 
effluent precluded any doubt that it was 
in the stage of active nitrification and 
that the high values obtained on the 
untreated samples are a result of this 
nitrification. 

Obviously, either pasteurization or 
acidification may be used to nullify the 
effect of nitrifying organisms in deter- 
mining carbonaceous B.O.D. Acidifi- 
cation has the advantage of simplicity, 
and since results obtained in a similar 
manner on some industrial wastes have 
been accepted as representative, it also 
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has the advantage of precedent. Fur- 
thermore acidification offers a method 
for preserving samples for B.O.D. de- 
termination more efficiently than by 
icing. The last columns of Tables I 
and II show results of samples that 
had been held 24 hours or more in this 
manner. They are for the most part 
within the limits of error of the 
method. They demonstrate the possi- 
bility of preserving samples by acidifi- 
cation in the field for determination of 
B.O.D. 


Procedure for Determiration of 
B.O.D. on Nitrifying Samples 


Based on these two sets of explora- 
tory tests the procedure adopted for 
further study of the effect of nitrifica- 
tion on B.O.D. follows: (1) acidifica- 
tion of the sample to pH 3.0 to 2.0; 
(2) reaction period not less than 15 
minutes; (3) neutralization with alkali 
to pH 7.0 to 7.4; (4) dilution with 
standard dilution water seeded with 
settled sewage as provided in ‘‘Stand- 
ard Methods.”’ 


TABLE III.—Comparison of B.O.D. Results 
on Raw Sewage 




















5-Day B.O.D. (p.p.m.) 
Test NH3:—N 
No. (p.p.m.) 
Standard Modified 
Method Method | 
1 160 132 6.0 
2 128 153 8.0 
3 195 225 8.0 
4 163 155 7.5 
5 175 213 8.0 
6 90 95 9.5 
ein eS 110 10.0 
gs | 133 133 8.0 
9 | 293 300 32.0 
10 220 215 8.5 
11 168 148 8.5 
12 70 80 8.0 
13 285 268 9.0 
14 290 305 8.0 
15 178 170 8.0 
16 75 100 9.0 
17 208 220 10.0 
18 170 150 7.5 
19 172 140 9.0 
Ave. 172 174 _ 
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TABLE IV.—Comparison B.O.D. Results of 
on Nitrified Activated Sludge Effluent 

















5-Day B.O.D. 
Test _— NH;—N| NO:—N} NOs—N 
No. 
Standard) Modified 
Method | Method | (p.p.m.) | (p.p.m.) | (p.p.m.) 
1 28.0 15.0 5.5 0.08 0.72 
2 29.0 22.0 7.0 0.11 0.59 
3 8.3 6.1 7.0 0.01 —_ 
4 25.0 8.8 7.5 0.09 0.71 
5 9.4 8.4 9.0,. f 0.02 1.38 
6 10.2 9.8 9.0 0.02 1.38 
7 11.8 7.9 12.5 0.30 0.90 
8 33.5 8.4 12.5 0.30 0.90 
9 15.7 11.7 16.0 0.22 0.57 
10 21.3 8.8 14.0 0.27 0.92 
11 13.2 9.7 14.0 0.27 0.92 
12 11.8 10.4 12.0 0.25 1.35 
13 34.0 25.0 12.0 0.25 1.35 
14 17.0 12.8 9.0 0.35 0.85 
15 10.0 7.0 8.0 0.04 0.76 
16 9.9 7.5 9.0 0.14 0.66 
17 8.4 7.4 8.0 0.02 0.46 
18 8.3 5.9 7.0 0.08 0.56 
19 12.9 11.8 8.0 0 02 0.70 
20 9.9 8.4 7.0 0.09 gS | 
21 12.0 (Gu 9.0 0.01 0.63 
22 10.3 6.4 9.0 0.12 0.68 
23 17.6 8.0 8.0 0.10 0.70 
24 8.1 5.7 10.0 0.10 0.70 
25 16.5 8.5 9.0 0.06 0.54 
26 7.8 6.4 8.0 0.07 0.83 
Ave. 15.2 10.4 9.6 0.18 0.77 




















Note: Results by modified method averaged 
31.5 per cent lower than results by standard 
method. 


Effect of Nitrification on Sewage and 
Activated Sludge Effluent 


The experiments reported in Tables 
[II and IV confirm the results found 
in the exploratory tests and establish 
more firmly the dependability of the 
method. For the tests of Table III 
raw sewage was used. The results ob- 
tained with the modified method vary 
in both directions from those found 
by use of the conventional B.O.D. 
procedure but are on the whole within 
the limits of error of the method. The 
averages for the series are practically 
identical. They indicate definitely 
that on sewages or wastes which do not 
ordinarily reach a condition of active 
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nitrification during the 5-day incuba- 
tion period, the modified method has 
little effect on the normal rate of 
B.O.D. for the first or carbonaceous 
stage. 

In another series activated sludge 
effluent from the Southwest Works was 
used as the media for the comparison. 
The samples were taken daily and were 
in various stages of nitrification de- 
pending on plant operation. That 
they were all in the nitrifying stage is 
evident by the presence of nitrate and 
nitrite. The results show the effect of 
nitrifying flora on the B.O.D. In 
every case the B.O.D. determined by 
the conventional method was higher 
than that in which corrective measures 
were taken by acidification, neutrali- 
zation and seeding to obtain normal 
carbonaceous B.O.D. The percentage 
differences vary from 3.9 to 75. Ob- 
viously those operators of activated 
sludge and trickling filter plants who 
attempt to obtain highly stabilized ef- 
fluents are at a distinct disadvantage 
in evaluating the efficiencies of their 
plants unless measures to inhibit the 
effect of nitrifying organisms are 
taken. 


Effect of Nitrification on Stream 
Conditions 


In the studies of the effect of pollu- 
tion and natural purification on the 
watercourse from Chicago to the mouth 
of the Illinois River, which studies 
have been carried on by the Sanitary 
District of Chicago for many years, 
values are obtained which indicate an 
increasing B.O.D. at downstream 
points. Interpretation of such values 
could easily lead to the belief that the 
river has deteriorated in its lower 
reaches. Such interpretation would be 
at variance with the known facts. 

The results in Table V show this 
condition. The B.O.D. values ob- 
tained by the conventional method 
indicate improvement in the stream 
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TABLE V.—Comparison of B.O.D. Results 
on Illinois River Samples 
































5-Day B.O.D. 

Num- 
Station Miles — Conven- | srodisied a. 
ples | ‘tional |0Ce@) Hit. 
(p.p.m.) (p.p.m.) fer- 
ence 
Summit 0; 59 | 24.4 23.4 4.1 
Lockport 20; 65 | 18.8 | 16.7 | 11.2 
Smith Bridge} 35 | 40,| 7.8 6.8 | 12.8 
Morris 50 | 150 5.4 4.1 | 24.1 
Marseilles 66 75 3.7 2.3 | 37.8 
Spring Valley} 95 | 77 8.3 2.7 | 66.7 
Henry 107 | 86 8.2 2.0 | 73.2 
Lacon 124 72 7.4 2.3 | 68.9 
Peoria 147 95 7.7 3.5 | 54.5 





from a B.O.D. of 24.4 p.p.m. at Summit 
to 3.7 at Marseilles. Then, because of 
increased activity in the second stage 
B.0O.D., there is a rise to 8.3 p.p.m. at 
Spring Valley and this condition is 
maintained through Peoria Lakes. 
When measures are taken to nullify the 
effect of active nitrification, however, 
the river shows improvement as far as 
Peoria Lake, the B.O.D. becoming pro- 
gressively less from 23.4 p.p.m. at 
Summit to 2.3 at Lacon. In Peoria 
Lake there is a slight rise to 3.5 p.p.m. 
due to increased organic matter result- 
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ing from green growths and their prod- 
ucts of metabolism. 

The effect of nitrification on the 
stream is also demonstrated by the dif- 
ferences in B.O.D. values at the vari- 
ous stations expressed as per cent. 
These differences increase from practi- 
eally nothing at Summit where there 
is no nitrification to 73.2 per cent at 
Henry where the intensity of nitrifica- 
tion is at its peak. The slight reduc- 
tions in percentage at Lacon indicates 
the beginning of the effect of photo- 
synthesis. At Peoria Lake where this 
effect is more intense the reduction is 
greater. The large increase between 
Smith Bridge and Morris is due to di- 
lution by the Kankakee, and between 
Marseilles and Spring Valley the Fox 
River increases the dilution factor. 


Table VI is given to show the in- 


erease in B.O.D. which would be pos- 
sible if all the ammonia present were 
oxidized to nitrate. Computed from 
the NH,-N content of the sample, 
values as high as 18 p.p.m. are possible. 
These values, however, are not attained 
by biological oxidation. The magni- 
tude of such oxidation is indicated by 
the difference in B.O.D. determined by 
the conventional and modified methods. 


TABLE VI.—B.O.D. and Related Data on Illinois River Samples 

















Station 
Item 
Spring Valley Henry Lacon Peoria 
Dissolved oxygen (p.p.m.) 7.8 6.7 6.1 9.7 
D.O. saturation (%) 87 74 68 107 
NH:;-N (p.p.m.) 3.9 3.4 3.4 1.3 
Nitrogen as NO2 and NO; (p.p.m.) | 0.8 0.9 0.9 1.3 
Conventional B.O.D. (p.p.m.): : 
2-Day 2.4 1.9 1.9 2.7 
3-Day 3.7 3.2 3.1 4.0 
4-Day 5.7 5.6 4.9 5.6 
5-Day 8.3 8.7 7.6 7.6 
Modified B.O.D., 5-day (p.p.m.) 2.8 2.0 2.4 3.5 
Nitrogenous B.O.D.—by difference (p.p.m.) 5.5 6.7 5.2 4.1 
Theoretical max. nitrogenous B.O.D. 
(p.p.m.)* 17.8 15.6 15.6 5.9 
River discharge (c.f.s.) f 5,400 — — 7,300 

















* Computed as NH;-N (p.p.m.) X 4.57. 


{ Average discharge for same dates. 
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Conclusions 


The studies and data reported here 
show that: 


(1) Active nitrification adversely 
effects the B.O.D. values of activated 
sludge and trickling filter plants and 
of streams in a state of high stabiliza- 
tion. Such values may result in mis- 
interpretation of the degree of treat- 
ment or of the stability of the water 
of a stream. 

(2) Correction of these conditions 
is feasible by use of the modified 
method for determination of B.O.D. 

(3) Either pasteurization and seed- 
ing or acidification, neutralization and 
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seeding may be used to nullify the 
effect of nitrification in oxidized efflu- 
ents and stream samples. 

(4) Acidification has the advantage 
of simplicity of manipulation and 
precedent. 

(5) Acidification can be used as a 
preservative for B.O.D. samples in the 
field. 
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FACTORS AFFECTING THE DIRECT OXYGEN 
UTILIZATION METHOD * 


By Luoyp L. FatK AND WILLEM RUDOLFS 


Research Associate and Chief, respectively, Department of Sanitation, Rutgers University, 
New Brunswick, N. J. 


The use of gaseous oxygen for the 
measurement of biochemical oxygen 
demand has been suggested by several 
authors. Sierp (1) developed an 
apparatus wherein sewage was main- 
tained in contact with pure oxygen and 
its rate of absorption was measured in 
a calibrated eudiometer tube. The 
earbon dioxide liberated was absorbed 
from the oxygen by a caustic soda so- 
lution which was used to read the vol- 
ume changes in the eudiometer. He 
found that the direct method gave 
somewhat higher results than did the 
widely used dilution method. Symons 
and Buswell (2), using apparatus simi- 
lar to that developed by Sierp, also 
found that the method gave compar- 
able results with the dilution method 
for sewage. It was also suggested that 
the method might be used for study of 
the biological oxidation of pure sub- 
stances and trade wastes. Wooldridge 
and Standfast (3) investigated the use 
of the Barcroft differential manometer 
for the measurement of the oxygen 
demand of sewage. The results by 
that method were also higher than by 
the dilution B.O.D. technique. The 
differences were attributed to the 
maintenance of oxygen saturation, re- 
moval of carbon dioxide and sewage 
concentration. 

The present work was undertaken to 
determine methods of procedure and 
factors affecting the use of the direct 
oxygen utilization method, particu- 
larly for strong industrial wastes. The 
results presented are illustrations to 
emphasize the importance of certain 
factors. 

* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 


Apparatus 


The apparatus used by Sierp and 
Symons was not fitted with all glass 
connections and therefore afforded 
possibilities of leaking should agitation 
be required. Attempts to use this 
type of apparatus in this work soon 
showed that all glass connections might 
be more suitable, especially if consid- 
erable agitation was necessary. Con- 
sequently an apparatus was designed 
possessing more desirable features. 
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FIGURE 1.—Diagram of Sierp appa- 
ratus for the direct oxygen utilization 
method. 


Figure 1 shows the apparatus, which 
consists of two parts. The lower 
chamber (M) holds the liquor under 
study. It is connected by means of a 
tapered glass connection (N) through 
which runs a diffusion tube (A) into 
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the gas chamber (H). This is cali- 
brated in milliliters to 70 ml. Another 
tube (C) is used to remove excess 
liquid when oxygen is added to the 
apparatus. Two stopeocks (D and E) 
are used to add oxygen. The leveling 
funnel (F') is connected by a rubber 
tube to the buret at (@). All glass 
joints are lubricated with silicone stop- 
cock grease. Figure 2 shows the appa- 
ratus assembled. 





FIGURE 2.—Single Sierp apparatus. 


Procedure 


The bottle (M) is filled to a point 
about % in. above the bottom of its 
neck with the sample to be tested. 
With stopeocks (D) and (E£) open and 
(C) closed, the upper part of the appa- 
ratus is pushed down into the neck of 
(M) so that no air is left in the bottle, 
and the diffusion tube (A) is filled. 
The upper’ part is then removed and 
the waste is measured in a graduate. 
This represents the total volume of the 
bottle (M) and should be marked on 
the bottle for future reference. 

To use the apparatus, it is filled with 
waste at 20° C. With the leveling tube 
arranged so that the liquid level (10 
per cent NaOH saturated with NaCl) 
is about 4 in. below the top of the dif- 
fusion tube, the oxygen is passed 
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through stopcock (D) to sweep out the 
air through (HZ). After about one 
minute, (£) is closed and (C) is 
opened. The oxygen displaces the 
liquid in the bottle through (C) into 
a graduated cylinder. This volume is 
designated V and may have to be in- 
ereased for strong wastes. After 
about 100 ml. of liquid has been dis- 
placed, (C) is closed and the oxygen 
allowed to fill the buret (H); then 
stopcock (D) is closed. 

The entire apparatus (except the 
leveling funnel) is shaken continuously 
by hand or machine for 5 minutes. 
Care must be exercised to maintain 
the temperature at 20° C. 

The initial reading of the gas buret 
is then made together with tempera- 
ture and atmospheric pressure read- 
ings. Subsequent readings of the 
apparatus can be made at intervals de- 
termined by the rate of absorption of 
oxygen and the needs of the experi- 
menter. The frequency of shaking is 
important. For this work, a shelf was 
eonstructed which provided shaking 
(see Figure 3). A motor and a gear- 
reducing unit were mounted on a 
board base, which also held a shaft 
connected to an arm mounted off-cen- 
ter on the shaft. This arm was ¢con- 
nected to a shelf held above the motor 
on hinges connected to the motor board 
base. The shelf was fitted with flat 
iron uprights with clamps to hold the 
apparatus. The arm was connected 
to the shaft so that the shelf could be 
shaken at horizontal displacements of 
4, %, %, or l inch. The ¥4-in. throw 
was found to give excellent shaking 
without too much jar on the glass 
apparatus. The motor was connected 
to the shaft by an adjustable pully. 
The speed was such that the shelf was 
displaced back and forth 250 times a 
minute. The motor was connected to 
an automatic (Tork) timer so that 
the shelf was shaken 10 minutes and 
rested 10 minutes. The entire appa- 
ratus was kept in a room with a con- 
stant temperature at 20 + 0.5° C. 
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FIGURE 3.—Shaking shelf assembly. 


Initial Reading 


When the initial reading is taken, 
two requirements must be satisfied. 
The temperature of the apparatus must 
be 20° + 0.5° C. The waste must be 
saturated, or nearly so, with oxygen. 
If this latter condition is nct attained, 
subsequent readings will represent not 
only the rate of oxygen utilization, but 
also oxygen solution. 

Experiments were performed to 
measure the rate of oxygen solution in 
sewage and slaughterhouse waste under 
an atmosphere of pure oxygen and 
with 200 ml. of liquid in the apparatus. 
Under quiescent conditions, the rate of 
solution during the first hour was 3.0 
p.p.m. of oxygen for the sewage and 
2.6 p.p.m. for the slaughterhouse waste. 
Thus to attain saturation under quies- 
eent conditions, hours would be re- 
quired. Similar experiments were 
conducted in which the apparatus was 
continuously shaken by machine. It 
was found that both wastes reached a 
fairly constant value of 35 p.p.m. dis- 
solved oxygen at the end of 5 minutes. 
Shaking by hand for 5 minutes gave 
similar results, showing that if the 
temperature of the apparatus is 20°C., 
the initial reading of the buret can be 
made after 5 minutes of shaking. 

The frequency and the duration of 
shaking are important, particularly 
when stronger wastes are studied. For 
sewage studies, shaking for 5 minutes 
once or twice a day is considered to be 
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satisfactory. When using strong wastes 
the rate of solution of oxygen may be 
so slow in comparison to the utilization 
rate that more frequent shakings may 
be necessary. The practice of shaking 
10 minutes and resting 10 minutes was 
adopted by this laboratory, since a 
great variety of wastes were being 
studied at the same time. 


Carbon Dioxide Correction and 
Calculations 


In a biological oxidation involving 
carbonaceous material, one volume of 
oxygen will produce one volume of 
carbon dioxide. As originally de- 
signed, all carbon dioxide liberated 
into the oxygen atmgsphere above the 
liquid was supposed to diffuse rapidly 
through the diffusion tube into the gas 
buret and be absorbed by the alkali. 
Analyses of the gas in the bottle at 
varying stages of oxidation of sewage 
and slaughterhouse, waste indicated 
that such was not the case. The per- 
centage of carbon dioxide varied con- 
siderably, from 1 to 2 per cent to al- 
most 40 per cent of the gas in the lower 
chamber, depending upon the waste 
and the stage of oxidation. The de- 
erease in volume of the gas in the buret 
would not, therefore, represent all of 
the oxygen utilized by the waste, but 
would be low by a volume equal to that 
of the unabsorbed carbon dioxide. To 
correct for this undesirable feature, 
experiments were performed to cor- 
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relate the carbon dioxide content of the 
gas with some easily determined quan- 
tity. Apparatus containing varying 
quantities of sewage, slaughterhouse 
waste and sulfite liquor was devised for 
this purpose. The decrease in volume 
of gas was measured over varying in- 
tervals of time and then the gas in the 
apparatus was analyzed for carbon 
dioxide. This latter analysis entailed 
displacing the gas in the apparatus 
through stopcock (£) into barium hy- 
droxide with water through stopcock 
(C). The barium carbonate was then 
separated and washed by centrifuging 
and titrated with standard 0.1 N HCL 
and NaOH to the methyl! orange end- 
point. Table I shows some data ob- 


TABLE I.—Results on Rate of Gas Utilization 
in Comparison with Carbon Dioxide Absorption 











> Waste 
Waste (days) mes ‘day) (% So» a" 
Sewage 2 9.7 3.0 100 
Sewage 2 20.0 6.2 | 200 
Sewage 9 8.7 6.8 | 200 
Sewage 4.2 2.6 | 200 
Sewage 4.7 2.8 | 200 
Sewage 4.8 3.0 | 100 


3.8 1.7 | 100 
10.2 3.5 | 200 
11.2 1.7 | 200 

6.5 3.3 | 100 
11.0 3.9 | 200 
23.8 | 11.8 | 200 

8.1 5.0 | 100 
12.3 9.0 | 200 
13.3 11.0 | 200 

5.0 5.5 | 100 

9.2 | 10.4 | 200 
13.0 13.5 | 200 

3.6 5.2 | 100 

112 27.8 50 
' 73 24.5 80 
104 37.5 | 100 


Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Slaughterhouse 
Sulfite liquor 

Sulfite liquor 

Sulfite liquor 
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tained on the relationship of unab- 
sorbed carbon dioxide, the rate of gas 
utilization and liquor volume. In Fig- 
ure 4 is plotted the percentage by 
volume of carbon dioxide in the lower 
chamber (K) against the total decrease 
in volume in the buret (J) divided by 
time (t) in days. It is assumed that 








DIRECT OXYGEN UTILIZATION METHOD 1003 


the carbon dioxide in the upper cham- 
ber is removed in a few minutes as a 
result of its proximity to the moving 
sodium hydroxide surface. This was 
borne out experimentally. For simpli- 
fication of calculations, the CO, in that 
chamber is considered to be zero. The 
dimensions of the apparatus were uni- 
form enough to make results com- 
parable. 

The symbols used in calculations are 
defined as follows: 


J = Total decrease in volume of gas in 
the buret from the initial reading 
to time ¢, corrected for tempera- 
ture and pressure. 

K = Percentage by volume of CO, in 
gas in lower chamber (MM). 

V = Volume of gas in lower chamber 
and equals the liquid removed 
from bottle (M) in filling the ap- 
paratus with oxygen. 

L = Volume of waste in the lower 
chamber and is equal to the vol- 
ume of bottle (MW) minus V. 

O = Actual volume of oxygen utilized 
by waste at 29.9 inches of mereury 
and 20° C. 

P = Atmospheric pressure in inches of 
mereury. 

R, = Initial buret reading uncorrected 
for T and P. 

R, = Buret reading at time f¢, uncor- 
rected for T and P. 

T = Temperature in degrees absolute. 

¢ = Time in days. 


7 


In order to determine the oxygen 
utilized by a waste in terms of parts 
per million of B.O.D. it is necessary to 
caleulate the value of O. If all carbon 
dioxide were immediately removed, 
then O= J. This, however, was found 
to be experimentally incorrect. There- 
fore, the volume of carbon dioxide in 
the lower chamber must be added to 
J to obtain O. Thus: 

KV 
Oot te (1) 

The value J is caleulated by sub- 

tracting the buret reading after time 
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FIGURE 4.—Carbon dioxide correction curve. 


t from the initial buret reading. This 
is ealeulated as follows: 


», Po 273 ; 
= [Wet aoa - | 


P, 273 
ad : ‘A — — 
[. tes v| (2) 





If T does not vary more than 0.5° C. 
from 20° C., the error involved in 
omitting the temperature correction is 
about 0.3 per cent. Therefore, a sim- 
plification of the equation for J was 
used. 


Sui | cre ene v| 





29.9 


7 P, y 
- [at nes - v| (3) 





The variation in P may be larger 
and cannot be controlled. Therefore, 
correction for P was considered neces- 
sary. 


The value K can be determined from . 


Figure 2 by entering J/t. V is known 
by measurement. Therefcre, O in ml. 
of oxygen at standard pressure and at 
20° C. can be caleulated. 

To convert O to parts per million of 
B.O.D., the following is used: 


1000 
L 
O 
1330 L (4) 
The constant 1.33 is the weight in 
milligrams of 1 ml. of oxygen at stand- 
ard pressure and 20° C. 





B.O.D. (p.p.m.) 


ll 


O 1.33 
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TABLE II.—Oxygen Demand of Sewage by the Direct and Dilution Methods 









































. Soil Seed 
a Unseeded Unseeded (1 per cent) sides 
(days) Method 
Corrected! | Uncorrected! | Corrected! | Uncorrected! | Corrected! | Uncorrected! 
1 69 48 78 53 71 49 57 
2 96 80 99 82 89 74 95 
3 | 113 100 120 105 106 94 _ 
4 | 129 117 133 120 118 107 118 
5 | 136 126 140 130 125 116 130 
6 | 138 129 142 134 128 120 138 
1 For COs. 


Duplication of Results and Effect 
of Seeding 


Experiments were carried out to 
compare duplicate results and the ef- 
fects of seeding on the B.O.D. of a 
sewage and a slaughterhouse waste. 
To illustrate the effect the results for 
two sets of unseeded sewage and sew- 
age seeded with 1 per cent of a soil 
suspension are shown in Table II. Re- 
sults of using the dilution method are 
also shown, together with the corrected 
and uncorrected results for CO,. 

The method generally agrees within 
itself by 5 per cent. It is also apparent 
that the CO, correction for sewage 
would not be absolutely necessary 
after the second day, since the accuracy 
is not greatly increased. Seeding is 
also unnecessary in experiments with 
sewage. 

Table III shows some results ob- 
tained with slaughterhouse waste un- 
seeded and seeded with 1 per cent each 


of sewage, soil suspension, and an 
adapted seed prepared by aerating 
slaughterhouse waste. The data show 
results corrected and uncorrected for 
CO, and also the results obtained by 
the usual dilution method. 

The unseeded sewage and the soil- 
seeded wastes agree well within them- 
selves, whereas the adapted seed gives 
lower results. Agreement with the 
dilution method is also about 5 per cent 
after the carbon dioxide correction is 
made. These results indicate that seed- 
ing of this type of waste is not im- 
portant, but correction for carbon di- 
oxide is very important. 

A short 3-day series was run on sul- 
fite liquor. This contained about 8 to 
10 per cent total solids. Mineral salts 
were added to make up the deficiency 
of nitrogen, phosphorus, and potas- 
sium. Table IV shows the results with 
no seed and 1 per cent soil, sewage, and 
adapted seed. Comparison was made 
with the dilution method. 


TABLE III.—Oxygen Demand of Slaughterhouse Waste by the Direct and Dilution Methods 














Ss Seed i 
Unseeded ce Pen’ —- “ ( f polgare t) 
Time Dilution 
(days) Meth 
Cor- Uncor- Cor- Uncor- Cor- Uncor- Cor- Uncor- 
rected! rected! rected! rected! rected! rected! rected! rected! 
1 414 265 403 257 400 254 351 216 370 
2 532 401 529 400 515 387 508 382 510 
3 603 486 599 484 583 470 605 499 610 
4 655 553 642 542 619 522 657 556 670 
5 702 611 696 606 658 574 695 605 710 
6 730 655 728 655 697 625 707 635 740 
































1 For COs. 
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TABLE IV.—Oxygen Demand of Sulfite Liquor by the Direct and Dilution Methods 














Sew Seed Adapted Seed Soil Seed 
Unseeded aoe ems foe 5 qa per saat) 

Time Dilution 
(days) Method 

Cor- Uncor- Cor- Uncor- Cor- Uncor- Cor- Uncor- 

rected! rected! rected! rected! rected! rected! rected! rected! 
1 970 350 890 | 330 1,960 810 830 310 4,400 
2 710 440 690 420 4,900 3,370 580 370 13,000 
3 1,000 690 1,000 700 6,200 4,650 730 530 17,000 























1 For COs. 


The results are of interest since the 
direct method gave low and variable 
results as compared with the dilution 
method. Even when the correction for 
CO, was made, the results were still 
not comparable. This could have been 
due to insufficient carbon dioxide cor- 
rection, but even this would not ex- 
plain such large discrepancies. A more 
reasonable explanation is the relation- 
ship of concentration of retarding, in- 
hibitory or toxic materials to the ac- 
tivity of the organisms. In the dilution 
method, the solids concentration is of 
the order of 0.1 per cent or less; in 
the direct method, the order is about 
10 per cent. Thus the presence of any 
toxic substances in the sulfite liquor 
would be 100-fold or more times as 
concentrated. 


Conclusions and Summary 


The apparatus described in this re- 
port can be used for the determina- 
tion of the biochemical oxygen demand 
of sewage or industrial wastes. Cer- 
tain rules of procedure are necessary 
for the correct functioning of the 
apparatus. Temperature variations 
should be kept at a minimum. The 
apparatus should be shaken for at least 
5 minutes before the initial reading is 
made to insure saturation of the waste 
with oxygen. 


Incomplete and slow absorption of 
earbon dioxide by the NaOH necessi- 
tates the use of a correction factor. 
The curve developed need not be used 
for ordinary sewage, but it should be 
used for stronger wastes. 

3ecause of concentration effects, cer- 
tain very strong wastes, such as sulfite 
liquor, might be expected to give low 
results for B.O.D. as compared with 
the dilution method. 

Seeding may prove to be important, 
particularly to organic wastes of a spe- 
cial nature, such as sulfite liquor. Ad- 
dition of nutrient salts may also prove 
necessary where these are lacking. 

The direct oxygen utilization method 
has been shown to give results com- 
parable to the dilution method for 
several wastes. The method may have 
limited application for routine deter- 
minations of sewage, but it can be used 
more readily than the dilution method 
to determine such effects as concentra- 
tion and toxicity of certain substances 
on the biochemical oxygen demand of 
industrial wastes. It is useful for 
measuring the oxygen demand of sus- 
pended material, since shaking of the 
apparatus is possible. It is expected 
that many uses can be made of the ap- 
p*ratus in studies of strong industrial 
waste where the dilution method may 
prove inadequate or unreliable. 
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THE TREATMENT OF CYANIDE WASTES 
BY CHLORINATION * 


By Joun G. Dosson 


Technical Service Division, Wallace § Tiernan Co., Inc., Newark, N. J. 


Free cyanide is one of the most toxic 
components of industrial wastes that 
are often discharged into sewers and 
streams. Because its toxicity to fish 
varies with pH, concentrations of other 
ions present, temperatures and oxygen 
content of the receiving water—as well 
as activity, stage of development and 
species of fauna (1) in the stream— 
it is difficult to set up exact limits of 
concentration which ean be safely dis- 
charged. Table I indicates the general 
range of tolerable concentrations. 
Under some conditions, as little as 0.1 
p.p.m. has proved fatal to fish (4). 
From 0.1 to 0.3 grams of CN are fatal 
to humans (5). 

When received in sewage treatment 
plants; cyanide not only interferes 
with both aerobic and anaerobic proc- 
esses (43) but if the sewage is chlori- 
nated, extremely noxious gases may be 
produced. 

For 35 years or more various investi- 
gators (14) have sought a satisfactory 
method of treating cyanide wastes. 
Among the methods that have been 
used are acidification and removal of 
the resulting HCN gas by air blowing 
(6) (7) (8) (9), reaction with ‘‘lime 
sulfur’’ (10) (11) (12), aeration (13), 
treatment with ferrous sulfate (14) 
(15), and oxidation with potassium 
permanganate (16). 

Acidification is commonly practiced 
in the gold mining industry for the re- 
covery of cyanide from gold refining 
solutions (17) (18). 

* Presented at the 22nd Annual Confer- 
ence of the Michigan Sewage Works Asso- 
ciation; Jackson, Michigan; May 16, 1947. 


All of the above methods have been 
used commercially for the reduction 
of the cyanide content of concentrated 
solutions, but they all leave a substan- 
tial eyanide residual. This residual 
may be serious unless extremely large 
dilutions are available. Another ob- 
jection to all of these methods is that 
the pollution load is inereased by the 
addition of objectionable chemicals 
(12). None of these treatment meth- 
ods are applicable to the treatment of 
dilute wash solutions such as are ob- 
tained from plating operations. Chlo- 
rination of solutions at pH above 8.5 
has now proven to be an economical 
and satisfactory method for treatment. 

The development of the treatment of 
evyanide wastes by chlorination has 
been slow and many have contributed. 
Early theoretical discussions (6) and 
early experimental work indicated that 
the chlorination of a cyanide waste 
would increase its toxicity by the pres- 
ence of dissolved cyanogen chloride. 
Unfortunately, these experiments were 
earried out under acid conditions, and 
the true reactions under alkaline con- 
ditions were not discovered. Helmut 
seler discovered in Germany that the 
chlorination of a cyanide solution 
under alkaline conditions would yield 
cyanates, and he has obtained a Ger- 
man patent (19) using the reaction as 
a means of waste disposal. <A similar 
patent application in this country 
(20), vested in the Alien Property 
Custodian, has since been abandoned 
(21). 

The first published records of a suc- 
cessful elimination of cyanide from 
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TABLE I.—Toxicity of Cyanide Compounds 
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. Concentration 
Chi 1 F 1 7 “ - 
pore yo Ramee = Name oan) Effect Fish 
NaCN (1) Sodium cyanide 10 Kills in 4 min. Shiner 
NaCN (1) Sodium cyanide 5 Kills in 12 min. Shiner 
NaCN (1) Sodium cyanide 2 Kills in 17 min. Shiner 
NaCN (8) Sodium cyanide 1 100% mortality in | Trout 
20 min. 
NaCN (2) Sodium cyanide 0.8 100% mortality in | Adult minnows 
24 hr. 4”-6” catfish 
12’-15” carp 
NaCN (2) Sodium cyanide 0.5-0.7 25% mortality in Adult minnows 
24 hr. 4”’-6” catfish 
12’-15” carp 
NaCN (2) Sodium cyanide Destroyed bal. in Adult minnows 
1 hr. 4”-6" catfish 
12’-15” carp 
NaCN (2) Sodium cyanide No effect in 24 hr. | Adult minnows 
4”-6” catfish 
12-15” carp 
NaCN (3) Sodium cyanide | 0.050 | 100% mortality in | Trout 
120 hr. 
NaCN (38) Sodium cyanide 0.020 | No effect | Trout fingerling 
KCNO (2) | No effect in 24 hr. | Adult minnows 


Potassium cyanate | 264 


i 





*See bibliography. 


industrial wastes using chlorine was 
published in Russia in 1941 (22) and 
in Germany in 1942 (23). At about 
the same time, Albright and Friel 
(24) designed and built the first com- 
mercial plant in this country using 
chlorination. A second plant was built 
by the Talon Company at Meadville, 
Pennsylvania, with Prof. George E. 
Barnes acting as consultant. Three 
other plants are in the process of either 
erection or initial operation, and sev- 
eral others have been designed. 


Sources of Cyanide Waste 


While cyanide compounds are widely 
used in industry, five processes are re- 
, for most of the cyanide 





wastes causing serious stream pollu- 
tion and presenting problems in sewage 
plant operation. The processes are: 
(1) the plating of metal parts, (2) the 
case-hardening of steel, (3) the neu- 
tralizing of acid ‘‘pickle scum,’’ (4) 
the refining of gold and silver ores, 
(5) the scrubbing of gases from blast 
and producer gas furnaces. Each of 
these: processes may have a multiplic- 
ity of variations both in design of 
equipment and method of operation. 
For this reason, it is imperative that 
the particular plant in question be 
carefully studied before the design of 
waste treatment facilities is begun. 
Accurate estimates or measurements 
must always be made of the flow and 
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of the rate of change of the flow, the 
concentration and rate of change of 
concentration of cyanide, as well as the 
details concerning other wastes that 
must be treated. 


Metal Plating 


The wastes from a typical plating op- 
eration consist of dilute solutions of the 
various plating baths. The concentra- 
tion of each constituent will vary with 
the ‘‘drag-out’’ (the amount of solution 
carried out with the metal being plated 
or ‘‘work’’) and with the volume of 
rinse water being used. The drag- 
out will vary with the speed that the 
work is transferred from one bath to 
another, and with the size and shape 
of the work. Naturally, irregular and 
cup-shaped pieces carry more solution 
to the rinse water than do flat surfaces. 

The first step in plating consists of 
removing heavy scales and other oxide 
coatings and adherent oil and grease. 
The seale on steel is usually removed 
either by an acid pickle consisting of 
sulfuric or nitric acid, or a mixture 
of the two, or by the sodium hydride 
process. A dichromate pickle, consist- 
ing of a mixture of sulfurie acid and 
sodium dichromate, is often used on 
brass and nickel steel parts. 

If grease or cutting oil is on the 
work, solvent degreasing or alkaline 
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electric cleaners are used. Solvent de- 
greasing does not ordinarily create a 
waste problem. The alkaline cleaners 
consist of a mixture of several com- 
pounds including sodium hydroxide, 
sodium carbonate, silicates, and phos- 
phates. 

In waste treatment plant design the 
acids should, if possible, be segregated 
and neutralized separately. The rinse 
waters from the alkaline cleaners and 
from the sodium hydride process 
should be mixed with the cyanide 
waste. 

The work is carried from the clean- 
ing process to a cyanide rinse which 
consists of a high concentration sodium 
or potassium cyanide bath, to a strike 
solution containing high ‘‘free’’ eya- 
nide and low metal content where the 
first adherent coat of metal is depos- 
ited, and then to the plating solution 
itself. The rinse and strike solutions 
are not ordinarily followed by running 
water rinses and therefore present no 
pollution problem. The plating so- 
lutions vary widely, depending upon 
the ideas of the plating supervisor and 
upon the type of work. Brass, cop- 
per, cadmium, gold, silver, and zine 
are the metals commonly plated from 
eyanide solutions. The formulae for 
typical cyanide plating solutions are 
given below (25) : 


Brass Plating 


Copper cyanide 4 oz./gal. 30,000 p.p.m. 
Zinc cyanide 114 oz./gal. 9,200 p.p.m. 
Sodium cyanide 7% oz./gal. 57,000 p.p.m. 
Sodium carbonate 4 oz./gal. 30,000 p.p.m. 
Total CN = 39,000 p.p.m. 
Cadmium Plating 
Cadmium oxide 3.5 oz./gal. 27,000 p.p.m. 
Sodium cyanide 14.5 oz./gal. 113,000 p.p.m. 


Total CN = 60,000 p.p.m. 


Copper Plating 


Copper cyanide 3.0 oz./gal. 23,000 p.p.m. 
Sodium cyanide 4.5 oz./gal. 35,000 p.p.m. 
Sodium carbonate 2.0 oz. /gal. 15,500 p.p.m. 


Total CN = 23,600 p.p.m. 
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Silver Plating 
| Silver cyanide 4 oz. av./gal. 30,000 p.p.m. 


Potassium cyanide 
Potassium carbonate 





5.5 oz. av./gal. 
6.0 oz. av./gal. 


42,000 p.p.m. 
47,000 p.p.m. 


Total CN = 28,300 p.p.m. 


Zinc Plating 


Zine cyanide 
Sodium cyanide 
Paustie soda 

. 

It wil} be noted that, except for vari- 
ation ir§ concentrations of alkali and 
‘*free’’ dyanide (sodium or potassium), 
the varipus metal baths are similar in 
composi'‘kon. 

In mé¢xing up the plating solution, 
however| the comparatively simple 
formula for the solution becomes quite 
complex )]due to the ionization of the 
various Jonstituents and the reactions 
between *them. For instance, a zine 
plating ath would contain the fol- 
lowing : y Na,Zn(CN)., Na.Zn(CN),, 
NaOH, NaCN, Na.CO,, Na.ZnO., Na’, 
Zn**, Zn(CN),~, ZnO,-, CN. 

In addjtion to the drag-out, the baths 
themselvys are occasionally dumped 
and fresh solutions made up. ©The 
writer has found a wide variation in 
practice in this respect. Many indus- 
tries intérested in fine finishes dump 
their plating solutions once a week, 
while oth¢rs claim that they dump only 
once in twenty years. 

In all ‘cases, some provision should 
be made. in the treatment plant to 
handle the concentrated dump solution 
so as to prevent the sudden influx of 
high econeentration ecyanides. Means 
of proportioning the concentrated 
waste into the main flow is commonly 
provided: 

In addition to the cyanide wastes 
outlined ‘above, wastes from other 
plating ‘operations will often be 
present. ;Hexavalent chromium from 
ehrome plating, anodizing of alumi- 
num, and dichromate pickle are the 
most common. If treatment of chrome 
waste is required, it can be carried out 


‘ 


8 oz./gal. 
3 oz./gal. 
7 oz./gal. 


Total CN = 37,500 p.p.m. 


62,000 p.p.m. 
23,000 p.p.m. 
54,000 p.p.m. 


with ferrous sulfate, iron turnings, or 
sulfur dioxide, either as a separate 
process or as a treatment subsequent to 
cyanide treatment. 


Nitriding of Steel 


The process of heat treating steel 
parts by cyanide consists of immersing 
tle part at a predetermined tempera- 
ture in 4 molten bath of a mixture of 
sodium cyanide, barium chloride, so- 
dium chloride, potassium chloride, and 
strontium carbonate. After the part 
which is to be hardened has been placed 


in the molten bath for the proper 
period, the work is removed and 
quenched in either oil or water. Water 


quenching in a continuous flow of 
water is the more common practice. 
The waste problem naturally arises 
from the overflow of water which ear- 
ries with it the sodium cyanide which 
has been dragged from the molten bath, 
some sodium carbonate which has been 
formed by the breakdown of sodium 
cyanide, and some iron complexes. 
The discharge from a bath of this na- 
ture may be expected to run as high as 
50 to 100 p.p.m. of free cyanide. 

The heat treatment also involves a 
problem in the disposal of spent salt 
baths. It has been common practice to 
remove these salts and bury them in 
nearby dumps. The practice should be 
discouraged, since cases are on record 
(27) which indicate that such dumps 
are eventually leached out and either 
kill fish in nearby streams or endanger 
public water supplies obtained from 
streams or nearby wells. 
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Cyanide Neutralization 


In the pickling of steel sheet for the 
removal of mill scale, the- metal is 
usually dipped in dilute sulfuric and 
hydrochloric acid. As the steel leaves 
such a pickle bath, a pickle smut, con- 
sisting of materials not soluble in the 
acid, such as iron carbide, silicon, sili- 
con carbide, copper and copper sul- 
fides, remains on the surface (28). In 
addition, ferrous sulfate and ferrous 
chloride are formed and cling to the 
surface. If the sheet is then air dried 
or neutralized with caustic, the ferrous 
iron is converted to ferric which covers 
the pickle smut and forms a coating 
which is quite difficult to remove. This 
objectionable coating accelerates rust- 
ing, makes for poor adhesion of paint 
and plating, accelerates the formation 
of dross in galvanizing and generally 
spoils the finish of the sheet. This 
objectionable coat can be removed by 
agitating the pickled sheet in a solu- 
tion containing 0.2 oz. per gal. of so- 
dium cyanide and 0.2 oz. per gal. of 
sodium hydroxide. 

The following reactions, yielding en- 
tirely soluble compounds, take place 
(28) : 


6NaCN + FeSO, — 
Na,Fe(CN), + Na.SO, 

6NaCN + MnSO, > 
Na,Mn(CN), + Na.SO, 

6NaCN + CuSO, > 
2Na,Cu(CN), + Na,SO, 


The waste from such a process con- 
sists of the wash waters (usually 
warm) that will earry an appreciable 
concentration of all these products to- 
gether with the drag-out of the original 
solution plus the dump solution itself. 
Unlike usual plating procedure, the 
neutralizing solutions are dumped fre- 
quently in order to maintain quality 
work. It is not unusual for plants to 
dump their cyanide neutralizing baths 
onee a day. The resulting mixture of 
wash and dump solutions usually 
varies between 200 and 1,000 p.p.m. 
of CN. 
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Cyaniding of Gold and Silver Ores 


In the cyaniding of gold and silver 
ores, cyanide is discharged with the 
spent treating solution, after acid 
treatment by various modifications of 
the Halverson Process, and is con- 
tained in the sand and slime as it is 
discharged to the dumps. The first 
source produces daily quantities suf- 
ficient to cause fish killings (3) while 
the latter source is likely to cause prob- 
lems only after heavy rains (5). 


Chemistry of the Treatment 


When chlorine is added to a free 
cyanide solution with sufficient free 
alkali present to maintain a pH above 
8.5, the cyanide is oxidized to cyanate: 
NaCN + 2NaOH + Cl, —- 

NaCNO + 2NaC1 + H,O 
This reaction is practically instanta- 
neous. Under all conditions which we 
have tested, it is complete in less than 
one minute. 

Theoretically, it requires 2.73 parts 
of chlorine per part: of CN and 3.08 
parts of caustie per part of CN. How- 
ever, most trade wastes contain a sub- 
stantial portion of the required free 
alkali. 

If an exeess of chlorine is added, 
free chlorine residual, as measured by 
by the O-T-A test (44), will be found 
in the solution after one or two min- 
utes. 

In all trade wastes and laboratory 
samples that we have tested, no cya- 
nide within the limits of titration ac- 
curacy has been found in the presence 
of free available chlorine at pH 8.5. 

The oxidation of free cyanide by 
chlorine has been checked in the labo- 
ratory. To a known potassium cya- 
nide solution, having a concentration 
of about 50 p.p.m. CN, a borie acid- 
sodium hydroxide buffer was added to 
hold the pH at 8.5. When a quantity 
of chlorine is added which is substan- 
tially less than the theoretical amount 
required to oxidize all the cyanide to 
eyanates, the reaction occurs almost 
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quantitativély. For instance, in a 
KCN solution containing 50 p.p.m. CN, 
when enouzh chlorine is added theo- 
retically to: convert 58 per cent of the 
eyanide to cyanate, 58 per cent of the 
eyanide disappears, 49 per cent of the 
eyanide appearing as cyanate. How- 
ever, as more chlorine is added to such 
a solution, particularly beyond the 
theoretical 2.73:1 ratio, the cyanate 
which is formed is again oxidized: 


2NaCNO + 4Na0H + 3C1, > 
2CO, + 6NaC1 + N, + 2H.0 


To carry out this second oxidation, it 
requires 4.09 parts of chlorine per part 
of CN and 3.08 parts of NaOH, or the 
total oxidation of the cyanide to carbon 
dioxide and nitrogen requires 6.82 
parts of chlorine and 6.16 parts of 
NaOH per part of CN. 

This second reaction occurs much 
more slowly. In order to reach com- 
pletion, excess chlorine must be added. 
For potassium cyanide solution of 50 
p.p.m. initial CN concentration in a 
boric acid-sodium hydroxide buffer, 
the rate and completeness of the reac- 
tion are shown on Figure 1. 

It will be noted that 7.35 parts of 
chlorine per part of CN were required 
as compared with the theoretical 6.82. 
It is believed that most of this addi- 
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tional chlorine is used to oxidize the 
nitrogen to nitrous oxide or perhaps 
higher oxides of nitrogen. 

If the pH of the solution: is per- 
mitted to drop very much below 8.5, 
nitrogen trichloride is also formed. 

While the cyanide oxidation has been 
shown in two steps, it can readily be 
carried out in a single contact tank if 
sufficient chlorine is added initially. 

The oxidation of cyanide to cyanates 
by chlorination is exothermic. A 1,000 
p.p.m. CN solution, as potassium cya- 
nide, will undergo a temperature rise 
of 7.16° F. when chlorinated, assum- 
ing no heat dissipation. Naturally, 
other concentrations will have propor- 
tionate raises. This is important only 
in eases of the higher cyanide concen- 
trations. 

For instance, in concentrations such 
that the final temperature of the solu- 
tion exceeds 120° F., a substantial por- 
tion of the chlorine added will react to 
form chlorates, and only a small per- 
centage of the chlorine will react with 
the cyanide present. It should be 
noted, however, that if chlorine is 
added slowly enough to allow the solu- 
tion to remain cool, or if the solution 
is cooled or diluted to reduce the final 
temperature below the critical, high 
concentrations ean be treated. 








100 

























































































































































































te) x ome => + = 

S sort 2.7Cl,10N 

w 50KL +6 A 

S70; — SUT TTI 8:25 Cl, 16N FF 

. dag hy il 

Wi 20 ~~ 

w 15 . 

z “NY NOTE -1.35¢1, : 10N 

1 

2 : ™ REMAINING IN SOLUTION 

o —— WHEN REACTION COMPLETE. 

Z : 7.35Cl, '1CN USED 

= 3 Tl) ow ee eee 

° ROOM TEMPERATURE 

« = Li] 0H 8.5 -8.6 TH 

»" A 

182 345 610 152030 SO 60} 200{ 500 | 1000 

100 300 ~=800 





REACTION TIME IN MINUTES 


FIGURE 1.—Oxidation of cyanide in KCN solution con- 
taining 50 p.p.m. initial CN concentration by dosages of 
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The significance of these reactions 
from the viewpoint of stream pollution 
ean be seen by reference to Table I. 
It will be noted that the cyanates have 
a toxicity to fish of approximately one- 
thousandth that of cyanides. Natu- 
rally, in designing a treatment plant, 
each problem will have to be considered 
on the basis of local conditions. It 
would seem reasonable to suppose, how- 
ever, that the oxidation of cyanides to 
cyanates will be sufficient except in 
eases where practically no dilution is 
present or in cases where a large num- 
ber of plants are discharging cyanide 
to the same watershed. 

The hydrolysis of cyanate to am- 
monia and carbon dioxide under acid 
conditions is a familiar reaction. In 
very acid streams, this reaction may be 
of importance in the elimination of 
cyanate radical. However, the ve- 
locity of the reaction at near neutral 
pH values is not known. 

Similarly, under alkaline conditions, 
oxidation of the cyanate by the dis- 
solved oxygen in the stream may occur, 
but it is believed that the reaction 
takes place too slowly to be of practical 
importance. in an” case, few plant 
effluents, ever without further dilution, 
will conta.n high enowgh cyanate con- 
centrations to a.fect stream life. 

While the details of the reaction be- 
tween free cyanide and chlorine, which 
are presented here, are indicative of 
reactions that oceur in actual composite 
wastes, tests should always be made 
on the actual waste before conclusions 
regarding quantities of chlorine re- 
quired and rates of reactions are 
reached. Some wastes have required 
as much as 4 parts of chlorine per part 
of CN to obtain a free chlorine residual 
at the end of one minute. 

Actual tests on the effect of treated 
concentrated wastes on fish life are 
being published in a companion paper. 

The cyanide radical will seriously 
impair both aerobic and anaerobic sew- 
age treatment processes (43). The 
nature of these effects by chlorinated 
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concentrated waste is being studied by 
Dr. G. M. Ridenour. 

It should be noted in both of these 
studies that the treated wastes used 
were concentrated solutions equivalent 
to dumped plating solutions, and that 
the treatment was carried out so as 
to oxidize only a portion of the cya- 
nate. 

It should also be noted that these 
experiments, particularly those involv- 
ing acidified sludge, were complicated 
by the presence of dissolved metals and 
that most of the tests were run with- 
out pH adjustment, which could easily 
be done in an operating plant. 


Present State Regulations 


A judge once said, ‘‘We have been 
meticulous in avoiding the statement 
of an exact definition of fraud lest the 
scheming mind of man devise a fraud 
that is without our definition.’’ Simi- 
larly, the various state authorities have 
avoided setting up an exact definition 
of the requirements on cyanide wastes 
lest variations of toxicity with tem- 
perature, dissolved oxygen, or other 
pollution factors make the specified 
limits dangerous to fish life. As in all 
stream pollution problems, there is al- 
ways the question of whether a stream 
is not already so grossly polluted as to 
make a regulation impractical. Natu- 
rally, as the streams gradually improve 
in condition, regulations will have to 
be made more stringent. 

In a recent survey, 31 states replied 
to a questionnaire regarding the limits 
of cyanide concentrations permitted 
in a stream in their state. Eighteen 
states indicated that they would regu- 
late the concentration of cyanide dis- 
charged. 

Typical remarks ineluded: ‘‘On 
streams we have insisted that not over 
a trace of cyanide, as CN, be present 
in the waste .. .’’ (30). 


States which have no specifie regula- 
tions remark that they ‘‘recognize the 
. of eyanide pollution’’(31). 
‘no 


danger. . 


Others will permit industrial 
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waste which may cause objectionable 
ehanges in the quality . . of any 
poteble supply (32). 

In a mining state where the cyanid- 
ing of gold is a common practice, ‘‘We 
attempt to prevent any cyanide from 
reaching the stream, since we believe 
that if any does reach the stream, there 
may be times when the amount would 
be greater than allowable’’ (33). 

The industrial states are still more 
stringent. For instanee, ‘‘In general, 
we would require that the maximum 
concentration of the cyanide radical in 
the receiving water course would be 
less than 0.1 p.p.m. In addition, we 
would also be concerned about the con- 
centrations of any metals usually as- 


sociated with electro-plating waste, 
‘ . . 

such as copper, nickel, cadmium, 

chromium; ete.’’ (34), or ‘‘. .. the 


requirements which govern in respect 
to the discharge of cyanide and its 
compounds necessitate complete re- 
moval of oils, greases, acids, alkalies, 
and toxic, putrescible, taste and odor 
producing} and other substances inimi- 
cal to the public interest in the receiv- 
ing stream.’ (35). 

The thojght that is being given to 
the problem is evidenced by the re- 
marks of Jp. L. Hedgepeth, *‘We have 
set no stagdards in Virginia for any 
such disch}rges and hope that it will 
not be neefssary to establish such gen- 
erally applicable regulations. At the 
present it our thinking is along the 
lines of e(mplete elimination of cya- 
nide contdat from industrial waters 
i-ale” 

In commenting on potable water 
sheds, Dr. jJ. Lynn Mahaffey has said, 
‘“‘This department recently rendered 
an opinior, in the matter of plating 
establishménts desiring to establish on 
potable wdter sheds, in which the de- 
partment refused to grant a permit to 
an industry to discharge wastes con- 
taining eyanides into any portion of a 
potable water shed, including the sub- 
soil, since .a dangerous precedent 
would be established and if extended 
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to other applicants would be very diffi- 
eult to properly police and supervise 
and a hazard to the safeness of the 
(public potable. water) supply will re- 
sult’’ (37). 


Plant Design 


The design of a treatment plant for 
the elimination of cyanide waste by 
chlorination will vary widely, depend- 
ing on a large number of factors. As 
has already been pointed out, the fac- 
tors of the operation of the industrial 
plants which control the concentration 
of cyanide present in the waste and the 
rate of change of concentration, as well 
as the quantity and rate of change of 
quantity of the total waste and the 
amount of other polluting factors 
present, will have a large bearing on 
the final design. The amount of dilu- 
tion and the quality of the water in 
the receiving stream will also have a 
major effect on the design of the plant, 
particularly with respect to the 
amount of oxidation that will be re- 
quired of the cyanide and the amount 
of metals which must be removed. 

Because of the natural high chlorine 
demand and natural high buffer ea- 
pacity of domestic sewage, treatment 
of cyanide wastes can almost always 
be earried out more economically at 
the industrial plant than at a sewage 
treatment plant. 


Batch Treatment 


The simplest type of treatment plant 
which is applicable to the small indus- 
trial establishment is illustrated on 
Figure 2. Here the concentrated and 
dilute cyanide solutions, which have 
been kept free from acid content by 
collection in separate sewers, are car- 
ried to a central mixing tank which is 
provided with an agitator. After the 
waste liquor has been fed into the stor- 
age tank, the pH of the waste can be 
raised, if necessary, by the addition of 
sufficient lime directly into the tank 
or by the gradual addition of caustic 
as the solution is pumped from the 
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FIGURE 2.—Diagram illustrating batch treatment of cyanide wastes by chlorination. 


tank. After the waste has been thor- 
oughly mixed and the pH adjusted, 
it is then pumped from the tank 
through the injector of the chlorinator, 
where a _ controlled and measured 
amount of chlorine is added, and re- 
turned to the storage tank. To avoid 
objectionable fumes, the pH of the 
waste must be carefully controlled, and 
the dissolving and mixing of the chlo- 
rine and waste must be rapid and com- 
plete. Local acidification must be 
carefully avoided. 

Prof. George E. Barnes has already 
deseribed the plant of the Talon Com- 
pany at Meadville, Pa., which is de- 
signed in accordance with these general 
principles (45). 


Continuous Treatment 


When the quantities of waste being 
discharged by an industrial plant are 
so large as to make retention tanks too 
big for economical construction, con- 
tinuous treatment with automatic con- 
trols is indicated. Figure 3 illustrates 
schematically this type of plant. As- 
suming the waste is from a plating 
operation, the wash water from alka- 
line and electrolytic cleaners, from cya- 
nide rinses, and from plating rinses, is 


carried continuously to the treatment 
plant. Concentrated cyanide waste, 
including a dump solution of eyanide 
rinse and dump plating bath solutions, 
is carried in a separate sewer into a 
storage tank and proportioned into the 
general waste system by a _ reagent 
pump. 

The addition of chemicals to this so- 
lution can either be carried out in a 
flume, as indicated in the drawing, or 
in a pipe line, whichever seems most 
economical. The alkali—either sodium 
hydroxide, hydrated lime, or soda ash 
—is added at a rate sufficient to hold 
the pH at the required value. The 
choice between hydrated lime and 
sodium hydroxide is a matter of bal- 
ancing the lower cost of the lime 
against the ease of feeding of the 
liquid caustic. Another factor to be 
considered is the production of sludge 
when lime is used. 

In the larger plants the use of auto- 
matie dry feed equipment for feeding 
the lime ean be justified. If caustic 
is used, a proportioning valve or a 
reagent feeder should be used. In 
either case, the rate of addition of the 
caustie should be controlled by a glass 
electrode located beyond the point 
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of chlorination. Chlorine should be 
added, using pumped plant effluent for 
the operation of the chlorine injector. 
If there are wide variations in the rate 
of flow, an automatic chlorinator 
should be used. 

A reaction tank or a series of reac- 
tion tanks should be provided if it is 
necessary to oxidize the cyanide to 
carbon dioxide rather than to the cya- 
nate. They are also advisable safety 
features if substantial variations in 
the cyanide content is expected. 

A plant, substantially. as shown in 
Figure 3, has been built and is in oper- 
ation. It was designed for an average 
flow of 400 g.p.m. with a concentra- 
tion of 100 p.p.m. CN. Operation to 
date has yielded a cyanide free dis- 
charge. 

Similar principles were involved in 
the first cyanide treatment plant using 
chlorine in the United States. This 
plant was designed by Albright & 
Friel, Inc., of Philadelphia in coopera- 
tion with Metcalf and Eddy of Bos- 
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FIGURE 3.—Diagram illustrating continuous treatment of cyanide wastes 
by chlorination. 


ton, Mass. . It was erected in 1942 at 
Johnsville, Pa., and is now known as 
the U. S. Naval Air Modification Unit. 
The wastes, which average 50,000 
g.p.d., originate in metal plating and 
finishing operations including anodiz- 
ing. The plant has already been de- 
scribed (24). It is substantially as 
shown in Figure 4. 

Mr. R. A. Morrissey, sanitary engi- 
neer at the U. S. Naval Air Modifica- 
tion Unit, has been kind enough to 
furnish the following analysis. The 
untreated waste characteristics are as 
follows: 
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Average | Maxi | Mini 
pH YB | 10.5 2.5 
Chromium (p.p.m.) | 100.0 | 2,500.0} 70.0 
Cyanide (p.p.m.) 2.0 40.0 1.0 
Cadium (p.p.m.) 10.0 60.0 3.0 
Copper (p.p.m.) 3.0 40.0 1.0 











The treated waste, as discharged to 
the river, showed as follows: 
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Aver- | Maxi- | Mini- 

age mum mum 
pH 9.6 | 11.5] 8.5 
Free residual chlorine 0.6 1.0} 0.3 
Chromium, cyanide, cadmium, and 


copper in the treated waste were all 
below titratable limits. The treated 
waste is discharged into a tributary of 
a stream used as a public water supply 
and no complaints have been received 
from farmers, land owners, or the 
water company. 


Recovery Possibilities 


In the case of a large majority of 
the plants, the amount of metal in the 
waste is not sufficient to warrant the 
eost of recovery. Similarly, the total 
amount of cyanide present in the waste 
is uninteresting from a recovery view- 
point. 

One factor of recovery which should 
not be overlooked in the design of a 
plant is the reuse of the water itself. 
The effluents from such a plant are 







/ WASTE INLET 
Fd 


ORY FEEDER, AND | 
FERROUS SULFATE | 
REACTION TANK 


1017 


usable as rough rinse water in a num- 
ber of processes and can also be used 
as cooling water for many operations 
around an industrial plant. In those 
areas where water is a scarce com- 
modity, the factor of reusing the efflu- 
ent from such a _ treatment plant 
should be given serious consideration. 


Analytical Methods 


The accurate determination of cya- 
nide in dilute water solutions is a diffi- 
cult procedure. In clear solutions of 
sodium and potassium cyanide, the 
prussian blue method, the ferric thio- 
eyanate method, the phenolphthalin 
method, and the Liebig titration with 
silver nitrate are all possible. 

If it is desired to titrate total cya- 
nides including metal complexes and 
thiocyanates, distillation prior to titra- 
tion is necessary. Distillation is also 
necessary where chrome or other ions 
cause a color in the waste. 

In the Liebig titration, the end point 
itself is very difficult to recognize, and 
several trial runs should be made be- 
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FIGURE 4.—Diagram of cyanide waste treatment plant at U. S. Air Modification Unit, 
Johnsville, Pa. 
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fore actual titration is begun. The 
end point of the titration is a slight 
yellow opalescence which gradually de- 
velops with time. For this reason, 
when dealing with very low concentra- 
tions, it is advisable to run a blank 
sample at the same time as the un- 
known titration is being made. In this 
way, the end point of the unknown and 
the blank can be directly compared. 

The Liebig method leaves much to 
be desired with respect to accuracy at 
lower concentrations. Below 0.1 p.p.m. 
it is almost useless. Several, newer 
methods (39, 41, 42, 44) have been sug- 
eested, but we have not yet had ex- 
perience enough to be able to recom- 
mend any of them. 

As has already been pointed out, we 
have never yet found a case where free 
chlorine residual, as measured by the 
ortho-tolidine-arsenite test (44), has 
been present in the same sample in 
which free cyanide has been found. 
From our experience, we believe that 
the presence of the free available 
chlorine residual is a comprehensive 
and accurate test for the freedom from 
eyanide in a solution. A check for 
pH should be made on each sample. 
Before this test is used in any commer- 
cial application, however, complete Lie- 
big titrations for cyanide on samples 
which have been found to contain a 
free chlorine residual should be made. 

Fasken (40) reviewed some of the 
methods and recommended the use of 
the ferric thiocyanate method for con- 
centrations above 0.1 p.p.m. and the 
phenolphthalin method below 0.1 p.p.m. 
(44). When total cyanide complexes 
are desired, the distillation procedure 
is necessary. 
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Conclusion 


The application of chlorine for the 
oxidation of the highly toxie cyanide 
radical to form cyanates or carbon di- 
oxide and various oxides of nitrogen 
is now a proven process, having been 
verified by extensive laboratory tests 
and several plant installations over a 
period of years. The overall method 
is competitive in cost with any other 
method that has been previously sug- 
gested for the disposal of cyanide, and 
has the advantages of being cleaner, 
easier to operate, and of producing an 
effluent which is vastly superior. 
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CHARACTERISTICS OF STRAWBOARD WASTE 





By Don E. Buoopaoop AND,GEORGE ERGANIAN 


Associate Professor of Sanitary Engineering and Graduate Research Assistant, respectively, 
Purdue University, West Lafayette, Ind. 


The problem of strawboard disposal 
has harassed strawboard manufactur- 
ers as well as public health authorities 
for many years. The last extensive 
study of this problem was the work re- 
corded by Hommon in 1918 (1). Un- 
til recently, little additional study has 
been made of strawboard waste. 

In an attempt to decrease the pollu- 
tion of streams caused by this waste, 
the National Council for Stream Im- 
provement (of the Pulp, Paper and 
Paperboard Industries), Ine. (NCSI), 
an organization representing about 
eighty per cent of the pulp, paper, and 
paperboard manufacturers in the 
United States, established a research 
project at Purdue University on Au- 
eust 1, 1945. The purpose of this 
project was to study the characteristics 
of strawboard waste, to investigate 
methods of treatment, and, if possible, 
to develop means of recovering and 
profitably utilizing the material in the 
waste. ‘ 

The first year of study at Purdue 
was devoted to investigation of the 
characteristics of strawboard waste. 
Some of the more important results of 
these studies wijl be presented in this 
paper. 


The Strawboard Mill 


Plant Layout and Operation 


In many respects the manufacturing 
process and the equipment used in 
making strawboard remain the same as 
they were when R. L. Sackett described 
a typical strawboard mill in 1905 (2). 
Equipment used includes the rotaries, 
for cooking the straw; beaters, for 
washing and pulping the cooked straw ; 
Jordans, for further refining the pulp; 
and the paper machines, for making 


1021 


strawboard from the pulp. <A flow dia- 
gram, tracing the course of both prod- 
uct and waste from an average mill, is 
shown in Figure 1. 

The rotaries in which the straw is 
cooked are spherical in shape and are 
equipped for slow-speed rotation dur- 
ing the period of cooking. These ro- 
taries are about 14 ft. in diameter, 
with a capacity of from 3% to 6% tons 
of straw per rotary. Uncut and un- 
dusted straw is placed in the rotaries, 
and water and chemicals are added. 
The straw is cooked with steam under 
a pressure of 30 to 50 p.s.i. for periods 
ranging from 3 to 10 hours. Gener- 
ally, about 1 lb. of water is used for 
every 244 lbs. of straw. For many 
years, lime was the only chemical used 
in the cooking process. The trend has 
been toward the addition of small 
amounts of caustic or soda ash, which 
considerably reduces the amount of 
lime required. In present practice, 
lime is used in amounts varying from 
60 to 230 lbs. per ton of straw. The 
amount of caustic soda used is gener- 
ally under 30 lbs. per ton of straw. 
Other chemicals sometimes used in 
small quantities are sulfur and sodium 
sulfite. 

The two functions of the beater are 
washing and beating. The period of 
time required for this operation is 
generally from 2 to 4 hours. Beating 
is an essential part of the process since 
it has considerable effect on the char- 
acter of the pulp leaving the beaters. 

From the beaters, the pulp passes 
through the Jordans and finally arrives 
at the ‘‘wet end’’ of the paper ma- 
chines. Water is removed from the 
pulp by filtration, and the pulp dis- 
charged onto felts. The pulp at this 
point contains about one-third water. 
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FIGURE 1.—Flow diagram of a typical 
strawboard mill. 


Once on the felts, the pulp is trans- 
ported through the ‘‘hot rolls,’’ finally 
emerging as strawboard. 

The final product is a coarse, brown 
paper which finds its chief use as cor- 
rugating material and wrapping paper. 
Sources of Waste Waters 

Generally speaking, strawboard mill 
waste (total waste) is a combination of 
wastes from the following four sources: 


1. Rotaries (Rotary Waste). 
2. Stock Pit (Pit Drainage). 
3. Beaters (Beater Wastes). 
4. Paper Machines (Machine Water). 


The wastes from the beaters and paper 
machines are considered to be the ma- 
jor components of the total waste. 

In some mills beater wastes may be 
obtained from two sources. This situa- 
tion occurs when the beating process 
is divided into two stages, sometimes 
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called washing and breaking (or beat- 
ing). The units themselves are called 
washer-beaters and breaker-beaters. In 
this paper, the terms ‘‘primary”’ and 
‘*secondary’’ beater will be used to 
designate the first and second steps in 
the process, regardless of whether the 
first step is a beating or a washing 
process. Where the process is accom- 
plished in one step, the unit will be 
designated as a washer-breaker-beater. 


Volumes of Waste Water 


From the flow data obtained from 
mill operators as well as a study of the 
reports by Hommon (1) and the U.S. 
Public Health Service (3), it is esti- 
mated that volumes of total waste may 
be expected to average around 30,000 
gal. per ton of finished product. This 
figure is subject to considerable varia- 
tion. 

The volumes of waste waters from 
the rotaries and the stock pit are very 
small in comparison to the volumes of 
waste contributed by the beaters and 
paper machines. 

Beater wastes usually contribute 
from one-third to one-half of the total 
waste volume. Under existing varia- 
tions in the re-use and recireulation of 
machine water as practiced by the in- 
dustry, it is difficult to make a gen- 
eral statement regarding the machine 
wastes. Where only small volumes of 
machine water are recirculated, ma- 
chine water discharges may amount to 
15,000 to 20,000 gal. per ton of finished 
product. 


Analysis of Wastes 
Solids and B.O.D. 


Samples of strawboard wastes were 
obtained during an inspection trip of 
eight strawboard mills in the Midwest. 
These samples were analyzed for 
B.O.D. as well as total solids, total 
volatile solids, suspended solids, and 
suspended volatile solids. Results of 
tests on some of the more important of 
these wastes are recorded in Table I. 
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TABLE I.—Results of Analyses of Strawboard Wastes 
— l - : 
Wok or Total otal Total ee Susp Susp. 5-Day 
Sample | Pasco ol Solids ead. he Sol. ar bc BOD. 
| Averaged] (p.p.m.) (p.p.m.) (%) (p.p.m.) (p.p.m.) (%) (p.p.m.) 
Total waste | 5 | 3,885| 2,611! 68 | 1,707 | 1,230 | 72 847 
Machine water 5 2,729 | 1,963 72 931 748 80 314! 
Primary beater 2 | 17,847 | 12,353 69 | 5,100 | 3,470 68 — 
Secondary beater 3 7,095 | 4,932 69 | 2,951 | 2,183 74 1,665? 
Washer-breaker-beater 13 15,900 | 11,320 71 | 7,460 | 4,910 66 — 




















1 Average of two tests. 


The B.O.D. values for total waste, 
from which the average results: in 
Table I were obtained, ranged from 


525 p.p.m. to 980 p.p.m. Machine 
water B.O.D. varied from a low of 198 
p.p.m. to a high of 430 p.p.m. Tests 
on total beater wastes indicated B.O.D. 
values as high as 3,800 p.p.m. 


Chenrical Analysis of Dried Solids 
The 


phorie acid, 


results of the nitrogen, phos- 
and potash analyses of 
strawboard waste (Table II) were 
studied with considerable interest, 
since it has been reported, and gen- 
erally accepted, that a satisfactory bal- 
ance of these materials must be present 
to facilitate the complete and rapid 
biologie decomposition of wastes. 

In order to determine whether suf- 
ficient nitrogen, phosphorie acid, and 
potash (N-P-K) are present in total 
strawboard waste, it was necessary to 
take into account the oxygen used by 
the waste during the decomposition of 
its organic matter (7.e., 
order to do this, the N, P, and K con- 
tent of the waste was divided by the 


2 Result of one test. 


B.O.D.) In 


3 Results of test by Mr. James Hargleroad. 


B.O.D. of the waste, resulting in the 


term p.p.m. N, P, or K per p.p.m. 
B.O.D. of the waste. 
With the above information it was 


possible to compare the N-P-K content 
of strawboard waste with the N-P-K 
requirements of biological organisms 
as shown in tests by Lea and Nichols 
(4). 

It was observed in these tests that 
during the 5-day oxidation period of 
the B.O.D. test, certain quantities of 
nitrogen and phosphoric acid were 
utilized by the organisms in the B.O.D. 
bottles. Using the data presented by 
Lea and Nichols, it was possible to eal- 
culate the amount of nitrogen and 
phosphoric acid required per part per 
million of oxygen utilized in the B.O.D. 
test. 

The following table, Table III, shows 
the results of the N-P-K studies on 
strawboard waste as compared with the 
quantities of these materials utilized 
in the Lea-Nichols test. 

The data presented in the foregoing 
table indicate that the nitrogen con- 
tent of strawboard waste is lower than 


TABLE II.—Chemical Analysis of Strawboard Waste 


(In Per Cent of Dried Total Solids) 




















Sample | Total Nitrogen ar ae Total Potash | Ether Soluble 
1. Total waste (Ave. of 4 samples) | 1.08 0.43 1.03 1.23 
2. Machine water (Ave. of 2 samples) | 1.04 0.15 — — 
3. Primary-beater (Washer) 1.48 0.41 0.19 0.80 
4, Primary-beater (Breaker) 0.89 0.44 0.14 0.65 
5. Secondary-beater (Washer) | 1.03 0.50 — — 
6. Rotary waste 0.62 0.17 | 0.47 0.04 
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TABLE III.—N-P-K Content of Strawboard 
Waste as Compared to N-P-K Utilization 
in Oxidation Tests 








P.P.M. of Chemical per P.P.M. of 
Oxygen Used in 5-Day Oxidation 





Lea-Nichols Tests | Strawboard Waste 





Nitrogen (N) | 0.0966-0.168 | 0.0411-0.0457 


Phosphoric 
acid (P20s) 


Potash (K:0) 0,0093-0.0137" | 0.0273-0.0814 


1 Based on potash present in Lea-Nichols 
dilution water rather than on amount utilized. 


0.0069-0.0102 | 0.0146-0.0241 
| 








the optimum suggested by the work of 
Lea and Nichols for satisfactory bio- 
logical oxidation. 

Concentrations of phosphoric acid 
and potash in the total strawboard 
waste compare favorably with the 
amounts of these chemicals used in the 
Lea-Nichols tests. 


Chemical Analysis of Ashed Solids 


Samples of waste from a number of 
mills were analyzed for silica, iron and 
aluminum, calcium, magnesium, s0- 
dium,’ potassium, and sulfates. 

From the viewpoint of basic re- 
search, the chemical analysis of straw- 
board waste is of considerable impor- 
tance. Since few, if any, chemical 
analyses of this waste have ever been 
made before, it is felt that the results 
shown in Table IV will be of value in 
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future studies on the disposal of these 
wastes. 

These tests showed that silica, cal- 
cium, and sodium make up a large per- 
centage (over 60 per cent by weight of 
ash) of the inorganic solids. 

The high silica content of the straw 
used in the process, along with the 
relatively large amounts of dirt, weeds, 
ete. carried into the process with the 
straw, suggests that these materials are 
the source of the silica found in total 
waste. 

An analysis of the product during 
the stages of its manufacture made it 
possible to trace the high calcium con- 
tent of the waste waters back to the 
chemicals used in the cooking process. 
It is believed that the high sodium con- 
tent of the waste water may be traceck 
back to the same sources. 

The comparatively high magnesium 
content of samples 4 and 5, Table IV, 
was due to the high dolomitic lime 
used in the mill from which these sam- 
ples were obtained. 


Physical Characteristics of Suspended 
Solids in Total Strawboard Waste 


Effects of Size of Suspended Solids 
Particles on Solids Determinations 


Early in this study, it was observed 
that there were large discrepancies be- 
tween the percentage of suspended 
solids removed at the Terre Haute pilot 
plant. (a project originally conducted 
by the Terre Haute Paper Company, 


TABLE IV.—Chemical Analysis of Strawboard Waste Total Solids, Ashed 
(In Per Cent of — 

















n 
| Tron and Mag- | Potas- " 
Sample | a Aluminum (Ca) nesium | Sach sium Suliates 
- | PeOs+Als0s) | ** Me) |‘ (KCl | &% 


| 


1. Total waste (Ave. of be sam- 





2. Machine water (Ave. of 2 | 
samples) | 24.04 | 11.51 
3. Primary beater (Washer) 14.77 | 7.95 
4, Primary beater (Breaker) 9.36 | 5.29 
5. Secondary washer-beater | 
(Washer) | 12.07 10.31 


a 


ples) 20.71 | 6.56 


| 
. Rotary waste | 2.66 | 2.22 





| 
[cai Calcium 
| 
| 
| 
| 
} 
| 
| 











—— 
27.39 | 3.53 | 12.32 | 4.86 | 7.95 
| | 
21.54 | 2.57 wi its | 10.26 
23.10 | 1.50 | 12.30 | 1.91 | 13.46 
| 24.63 | 12.99 | 13.91 | 0.88 | 2.60 
| | 
| 24.62 | oo a | 5.72 
| 26.28 | 6.07 | 14.13 | 7.02 | 4.95 
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and later incorporated as a joint proj- 
ect of the NCSI and the Terre Haute 
Paper Company), and the removals 
obtained in laboratory settling tests. 
This difference led to an investigation 
which resulted in establishing the fact 
that many of the so-called suspended 
solids removed by Gooch crucibles are 
not removed by coarser filter papers. 

In order to investigate the magni- 
tude of the differences in results occur- 
ring from variations in methods of 
testing for suspended solids, the fol- 
lowing experiment was made: 

Two 1,000-ml. samples of straw- 
board waste were allowed to settle in 
cylinders for a period of 30 minutes. 
At the conclusion of the settling pe- 
riod, five 100-ml. portions were drawn 
from the top of each cylinder. 

Suspended solids tests were run on 
one set of these samples by the stand- 
ard ‘‘Gooch’’ method. The second set 


e 
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of samples was filtered through 9-cm. 
Buchner funnels fitted with No. 4 
Whatman filter paper discs, that being 
the procedure that had been used in 
determining suspended solids at the 
Terre Haute pilot plant. 

The curve in Figure 2 was plotted 
from the results obtained in the labo- 
ratory experiment. This curve shows 
the relations between the ‘‘Gooch’’ and 
‘*No. 4 Whatman’’ suspended solids 
determinations on identical samples of 
strawboard waste. Since the data 
covered only a range between 1,870 
p.p.m. (Gooch) and 1,086 p.p.m. 
(Gooch) suspended solids, the straight 
line portions of the curves were ex- 
tended. 

On the basis of the foregoing work, 
it is evident that the ‘‘No. 4 What- 
man’’ method is certainly not equiva- 
lent to the ‘‘Gooch’’ method of run- 
ning suspended solids for strawboard 
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FIGURE 2.—Relationship between “Gooch” and “No. 4 Whatman” methods of suspended 
‘solids determination. 
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waste. The following example should 
serve to emphasize this statement. 

Example: The following results were 
obtained from settling tests on a total 
strawboard waste sample, using the 
‘““No. 4 Whatman’’ method for sus- 
pended solids determinations. 


769 p.p.m. 
51 p.p.m. 


Initial suspended solids......... 

Susp. solids—60 min. settling. ... 

Suspended solids removed by 
SS a eee 6 

718 


769 X 100 = 93.5% removal of suspended solids 


718 p.p.m. 


(as recorded by “No. 4 Whatman’’) 


The same analysis made by the 
‘‘Gooch’’ method gave the following 
results (on the basis of the test results 
shown in Figure 2 

1170 p.p.m. 
548 p.p.m. 


Susp. solids—60 min. settling. . 
Suspended solids removed by 
settling. ....... 


622 
1170 


622 p.p.m. 


X 100 =53.2% removal of suspended solids 
(as recorded by “‘Gooch’’) 





This study of variations in methods 
of running suspended solids determina- 
tions on strawboard waste indicates 
that considerable differences in values 
may result from variations in test 
methods because of the size of the sus- 
pended solids particles. 

It is interesting to note that the dif- 
ferences in results are less pronounced 
at the higher concentrations of sus- 
pended solids, no doubt because of the 
early deposition of a filter mat on the 
paper. 

In spite of the fact that only small 
quantities of strawboard waste can be 
filtered through a Gooch crucible, it is 
felt advisable to use the standard 
method of suspended solids determina- 
tion on these wastes. 


Sedimentation and Concentration of 
Strawboard Waste Solids 


To observe the effect of settling on 
the removal of suspended solids from 
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strawboard waste, a series of settling 
tests were run. Samples (1,000-ml.) 
of total strawboard waste were allowed 
to settle for one hour. At the end of 
the period of settling, the volume oc- 
eupied by the settled solids was re- 
corded, and a suspended solids deter- 
mination made on the liquor drawn 
from the surface of the settled sample. 

Results of these tests, including the 
coneentration of the settled solids, are 
shown in Table V. 


TABLE V.—Suspended Solids Removal and 
Sludge Concentration of Strawboard Waste 
(Sixty-Minute Sedimentation Period)! 








| Concentra- 
| | 











| tion of 
| Suspended Solids | Removal of Settled 
Date | } Suspended | Solids 
1946 Solids | 
Ree Fee. (%) | Te 
0 Min. | 60 Min. | | MI./} Per 
| (p.p.m.) | (p.p.m.) | | Liter Cent 
Sept. 20| 1644 | 768 | 53.3 | 45 | 2.02 
Oct. 4] 1830 | 910 50.4 | 40 | 2.39 
Oct. 10} 1750 | 640 62.8 | 45 | 2.62 
Oct. 19} 1708 | 760 55.4 | 37 | 2.64 
Oct. 24] 1852 | 716 | 61.3 | 42 | 2.78 
| | { 
1These tests were made by Mr. James 


Hargleroad. 


Additional laboratory tests made on 
the settling characteristics of straw- 
board waste indicated that increased 
removals of suspended solids could be 
expected when the temperature of the 
waste was increased. By raising the 
temperature of the waste from 25° C. 
to 44° C., removals of suspended solids 
were increased by 15 per cent. Neither 
pre-stirring nor increasing the con- 
centration of the suspended solids had 
any effect on the rate of settling. 


Oxygen Requirements of Strawboard 
Waste 


Relation of Solids to B.O.D. 


The use of consecutively finer filter 
mediums on a sample of strawboard 
waste offered an excellent opportunity 
to study the effect of these various 
filter mediums on the removal of sus- 
pended solids, and also to study the 
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effect of suspended solids removal on 
the B.O.D. of strawboard waste. 

The test was made using a 1,000-ml. 
sample of total strawboard waste. This 
sample was settled for 30 minutes and 
the top 900 ml. passed through five 
consecutively finer filter mediums, the 
final filtration being made through a 
parchment dise. 

The results of this test are shown in 
Table VI. 

In a sample on which the B.O.D. was 
found to be only 570 p.p.m. for the un- 
filtered, unsettled waste, removal of all 
the suspended material (including col- 
loidal material that passed through 
the asbestos mat but not through the 
parchment filter) resulted in a removal 
of 52.6 per cent of the B.O.D. In other 
words, it was found that 47.4 per cent 
of the B.O.D. of a strawboard waste 
sample was in the dissolved state. 


Rates of Biological Oxidation of Straw- 
board Waste 


In considering the treatment of any 
waste by biological means, two major 
characteristics of the material must be 
determined: (1) the N-P-K content, 
and (2) the availability of the organic 
material present in the waste. 

In order to determine the availa- 
bility of the organie matter in straw- 
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board waste, a ‘‘characteristic B.O.D. 
curve’’ was produced. This test con- 
sisted of setting up a B.O.D. series on 
a sample of waste and making daily 
B.O.D. determinations on these sam- 
ples through the first stage of oxida- 
tion. 

So that the effect of the N-P-K con- 
tent of the strawboard waste might 
not be a factor in the test, Lea-Nichols 
dilution water, containing the essential 
mineral salts required for satisfactory 
biological oxidation, was used to make 
up the B.O.D. samples. 

The tests were made on samples of 
settled strawboard waste. These tests 
were run in two series, the first (Series 
A) beginning one day after the sam- 
ples were collected, and the second 
(Series B), two days after that. Series 
A ran for only 8 days; Series B for 
20 days. 

The results of the tests, Series A and 
B, are shown in Table VII. Figure 3 
compares the characteristic B.O.D. 
curve of the settled strawboard waste 
with the characteristic B.O.D. curve 
of sewage (after Theriault). 

From Figure 3 it may be observed 
that the characteristic B.O.D. curve of 
strawboard waste closely follows the 
theoretical first-stage B.O.D. curve of 
sewage. The sharp break between the 
sixteenth and eighteenth days indicates 


TABLE VI.—Comparison of Filtrates of Strawboard Waste Passed Through 
Various Filter Mediums 




















- 
| Total Solids and Total Volatile Solids 5-Day B.O.D. 
| | 
Per Cent Removal 
Total be | B.O.D. 
| Solids RLS PIPIMy | gene 
| Solids pe T “ee 1 Sample 
(p.p.m.) (p.p.m.) Total —_ (A) 
Solids Solids 
3463 2408 — — 570 _ 


Sample 1—Total waste, unsettled 
Sample 2—Supernatant from total waste, 





settled 30 min. 3151 | 2175 9.0 9.7 580 | 100 
Sample 3—Filtrate through No. 4 Whatman| 2479 | 1704 28.4 29.2 410 71.9 
Sample 4—Filtrate through No. 30 Whatman | 2449 | 1688 | 29.2 29.8 430 75.4 
Sample 5—Filtrate through No. 42 Whatman | 2460 | 1676 | 29.2 30.4 370 64.9 
Sample 6—Filtrate through asbestos mat 2237 | 1517 | 35.4 37.0 380 66.7 
Sample 7—Filtrate through parchment disk | 2080 | 1240 | 39.9 48.5 270 47.4 
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FIGURE 3.—Characteristic B.O.D. curve for strawboard waste. 


that nitrification begins during this The Decrease on B.O.D. of Strawboard 
period. Waste on Standing 

It may be concluded from this test 
that the organic material found in 
strawboard waste can be oxidized bio- 
logically at a rate almost identical to 
the biological oxidation rate of sewage. first of these tests showed 80 per cent 


Some interesting results were ob- 
tained from the incubation of undi- 
luted strawboard waste samples. The 


TABLE VII.—Results of Characteristic B.O.D. Curve Tests on Settled Strawboard Waste 








| Series A Series B 


20° C. B.O.D. (p.p.m.) 





Eee eee 2 ee 














Days | 20° C. B.O.D. (p.p.m.) | . 
Dilution | Pears ee fae ——— = — 
| /0 | 
‘ Test 1 Test 2 | Ave. | Test 1 Test 2 | Ave. 
} | | | 
1 15 -| 118 | 1138 | #10 | 165 165 165 
2 1.5 500 | 500 500 | 1.0 | 500 510 515 
3 | 0.5 560 | 560 560 | (1.0) 615 562 586 
| (0.4) | 

4 0.5 | 560 560 560 0.4 | 600 — 600 
5 0.5 | 580 591 | 586 | O04 | ~~ 650 675 663 
6 0.5 670 | 760 | 715 | O04 | 850 700 775 

7 0.5 680 | - | 680 | — ee He as 
S . 0.5 | s00 | | 800 | O04 | 863 875 869 
10 oo) ae | a - | 04 | 788 912 850 
12 — | - 0.2 | 1100 800 950 
14 SS = ; = | 0.2 | 1100 900 1000 
16 —- | — | — | — | O2 | 82 1025 925 
18 fee el = 4 - | 02 | 1325 1175 1250 
20 =e | 92 | 1200 1350 1275 











— it tee am at 
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reduction of B.O.D. in samples incu- 
bated at 37° C. for 14 days, and 95 per 
cent reduction of B.O.D. in samples 
incubated for 21 days. This test was 
made by filling 4-0z. bottles with straw- 
board waste, stoppering the bottles 
with cotton plugs, and incubating at 
37° ©. 

The result of the foregoing test was 
in sharp contrast to another test con- 
ducted at room temperature in a gallon 
bottle. Results of this latter test 
showed no reduction in B.O.D. after a 
period of 24 days’ incubation at room 
temperature. 


Decrease in B.O.D. of Sewage-Straw- 
board Waste Miztures 


In order to determine the effect of 
sewage on the reduction of strawboard 
waste B.O.D., incubation tests were run 
on samples of strawboard waste diluted 
with sewage. 

The tests were made on settled straw- 
board waste samples containing about 
10 per cent less B.O.D. and about 40 
per cent less suspended solids than the 
original total strawboard waste sample. 

Two series of tests were made. In 
Series A, three sets of 4-oz. bottles 
were filled to the neck, the bottles 
plugged with cotton, and placed in the 
37° C. ineubator. One set of these 
bottles contained 100 per cent straw- 
board waste, one set contained 100 per 
cent sewage, and one set contained a 
50-50 mixture of sewage and waste. 
One bottle from each of the three sets 
was removed from the incubator every 
second day and B.O.D. tests made on 
the contents of each bottle. 

Results of Test Series A are shown 
in Table VIII. These results are ex- 
pressed graphically in Figure 4. 

A study of Figure 4 suggests that 
the rate of B.O.D. reduction of mix- 
tures of sewage and strawboard waste 
is much more rapid than the rate of 
b.0.D. reduction of either of the com- 
ponent parts of the mixture. 

The fact that the zero-day B.O.D. of 
the strawboard waste sample was al- 
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TABLE VIII.—Sewage-Strawboard Waste 
Incubation Test; Series “A” 






























































5-Day B.O.D. at 20° C. (p.p.m.) 
Days g re d 
oe Sewage ” . ‘ona Waste +Sewage 
38° C. 
Test |Aver-| Test |Aver-| Test | Aver- 
Results| age | Results} age | Results} age 
0 | 262 540 567 
296 | 279 | 550 | 545'| 583] 575 
2 65 _ 225 
80 635 205 
80 _ 254 
94 | 80'| 620 | 628] 240] 231 
4 90 600 110 
140 | 115 | 670 | 635 | 100] 105 
6 | 20 510 < 100 
| 5 | 13} 510 | 510 |<100|<100 
8 | 65 | 686 | | 40 
63 | 64 | 686 | 686} 28] 34 
10 | 42 690 | | 40 
| 45 | 44] 750 |720 | 40| 40 
te a ee 
12 | 31 675 | | 20 
| 33 | 32] 675 |675| 29|- 29 
14 | 4 | 142 | | 21 
| O |) 2| 142) 142) 17) 19 
16 | 18 | 457] | 20 
| 20 | 19| 428 }442]} 21] 20 
is | o| | 394 | & 
| 09} 0] 350 |}372} 17] 17 
rr ee | oe anes cnmniaesiy 
20 | 89 | | 56 mm 
| 80 | 85'| 62 | 59| 5 1 
| | 


' Results questionable. 


most the same as the zero-day B.O.D. 
of the 50-50 mixture of sewage and 
strawboard waste was carefully con- 
sidered. It was concluded that the 
possible error in either of these two 
figures could not detract from the sig- 
nificance of the results taken as a 
whole. For this reason, the curves 
shown in Figure 4 were drawn accord- 
ing to the recorded data. 

The tests of Series B were made to 
determine the effect of sewage on the 
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FIGURE 4.—Effect of sewage on B.O.D. reduction of strawboard waste. 


B.0.D. reduction of strawboard waste 
and were run on a set of five sewage- 
strawboard waste mixtures. These 
tests were made in order to determine 
the effect of various concentrations of 
sewage on the rate of B.O.D. decrease 
in strawboard waste when allowed to 
stand. 

The results of Test Series B are 
shown in Table IX. 


TABLE IX.—Sewage-Strawboard Waste 
Incubation Test; Series ‘“‘B”’ 


























5-Day B.O.D. at 20° C. (p.p.m.) 
Days of 
Incuba- Straw- | Straw- | Straw- 
tion at | Straw- | board board board 
37° C. | board | Waste | Waste | Waste | Sewage 
Waste | 75%; 50%; 25%; 100% 
100% | Sewage | Sewage | Sewage 
25% 50% 75% 
0 850 725 663 | >544 | >408 
4 720 267 210 183 | >267 
8 719 83 87 73 220 








The results of these tests (Series B) 
indicate that effective reduction of 
B.O.D. may take place in mixtures of 
75 per cent strawboard waste with 25 
per cent sewage. 


Conclusions 


1. Comparison of the nitrogen-phos- 
phorie acid-potash (N-P-K) content 
of strawboard waste with that of Lea- 
Nichols dilution water suggests that 
the concentration of nitrogen bearing 
salts is too low for the satisfactory bio- 
logical treatment of strawboard waste. 

2. The character of the particles of 
strawboard waste makes it important 
that tests for suspended solids be run 
by identical methods to obtain com- 
parable results. 

3. Between 50 and 63 per cent of 
strawboard waste suspended solids can 
be removed on settling for one hour. 
Concentrations of these settled solids 








° 
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have been found to vary from 2.0 to 2.8 
per cent. 

4, Forty-seven per cent of the straw- 
board waste B.O.D. is in a dissolved 
state. 

5. The organie matter in strawboard 
waste appears to be oxidized at a rate 
comparable to that of sewage when 
supplemented dilution water is used. 

6. Tests on the reduction of B.O.D. 
indicate that the rate of reduction in 
mixtures of sewage and _ strawboard 
waste is more rapid than in either 
sewage or strawboard waste alone. 
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Stream Pollution 





NATURAL PURIFICATION CHARACTERISTICS OF 
A SHALLOW TURBULENT STREAM * 


By F. W. Kirrre.it anp O. W. Kocntirzky, JR. 
Acting Chief and Sanitary Engineer, respectively, Stream Sanitation Staff, Health and Safety 
Dept., Tennessee Valley Authority, Knoxville, Tenn. 


The data on which this article is 
based were obtained from a stream 
study designed to serve two purposes. 
It was undertaken in cooperation with 
the Tpnnessee Department of Public 
Healt'} to determine existing condi- 
tions ‘ind the improvements needed to 
achiev§ satisfactory water quality in 
the stf}am. It was designed also to 
reveal Bfundamental factors involved 
in the fRatural purification of a highly 
pollute#, shallow, turbulent stream. 

The field and laboratory work was 
planne# and conducted with utmost 













care. very effort was made to obtain 
all inj rmation that was anticipated 
to be’ Mf value in achieving the stated 
obje(f! res. The results answered many 


of thé original questions, appeared to 
contradict some established concepts, 
and raised many new questions. It is 
the inevitable nature of research that 
any investigation designed to solve a 
given problem invariably reveals ad- 
ditional challenging problems. 

4; guiding principle in planning the 
study was that interpretation of the 
data would conform as closely as pos- 
sible to the concepts developed by 
Streeter in his analysis of data ob- 
tained on the Ohio River (1) (2). 
Previous experience had indicated that 
some of the principles applicable to the 
deep, relatively sluggish Ohio would 
not apply to a shallow, turbulent 
stream, but more differences were 
found than had been anticipated. 

* Presented at Twentieth Annual Meeting, 


Federation of Sewage Works Assns., San 
Francisco, Calif.; July 21-24, 1947. 


The method of study, which included 
a number of unique details, and the 
results, which indicate a need for fur- 
ther detailed investigation of this type 
of stream, are believed to be of interest 
to all engaged in stream sanitation 
activities. 


Description of Stream 


The stream section involved is 42.7 
miles long. Approximately 25 per cent 
of this mileage is riffles or rapids, and 
75 per cent consists of shallow pools 
which average 3.60 ft. deep at low 
water stage. The average surface 
slope at low water stage is 2.96 ft. per 
mile and the average velocity during 
the study was 0.70 ft. per second. 

The one major tributary increased 
the stream discharge in the section by 
about 10 per cent. Many smaller 
streams contributed to the additional 
increase in discharge from 620 c.f.s. 
at Mile 42.7 to 880 c.f.s. at Mile 0.0. 
Control of steam flow at a small up- 
stream dam caused the discharge to 
fluctuate nearly 40 per cent in 24 
hours. 

Table I gives physical characteristics 
of individual sections between sampl- 
ing stations. 


Degree of Pollution 


At the upper station, Mile 42.7, the 
stream had 4.82 p.p.m. B.O.D., 5.34 
p.p.m. D.O., and an MPN of 4,100 
coliform organisms per 100 ml. 

Between Mile 42.7 and Mile 40.0 
sewage from 28,000 persons and in- 
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TABLE I.-—Physical Characteristics of Stream Sections Between Sampling Stations 












































Section Elevation Length Slope Average Per Cent of Mileage Ave. Depth 
— Difference Velocity Pools 
From Mile To Mile (ft.) (miles) | (ft. per mile)|(ft. per sec.) Riffles Pools , ft.) 
42.7 | 42.0 3.3 0.7 4.71 1.03 —- cod -- 
42.0 38.5 i KC g 3.5 5.06 1.36 —_ — — 
38.5 34.9 | 9.3 3.6 2.58 0.73 16.13 83.87 3.95 
34.9 | 30.3 | 16.9 | 4.6 3.67 0.65 18.48 81.52 3.14 
30.3 | 27.3 | iG a | 3.0 3.97 0.98 56.67 43.33 2.00 
27.3 | 14.2 | 32.0 | 18.1 2.44 0.67 28.62 71.37 4.04 
142 | 00 | 35.2 | 142 2.48 0.62 18.67 | 81.33 3.85 
42.7 | 0.0 | 126.3 | 42.7 2.96 0.70 | — — —_ 





dustrial -wastes contributed a combined 
5-day 20° C. B.O.D. load of 72,450 Ib. 
per day, or a population equivalent of 
465,000. This would have increased 
the B.O.D of the stream to 26.3 p.p.m. 
if added at a single point. Natural 
purification reduced the B.O.D. so rap- 
idly in this section that the maximum 
observed value at any station was 20.6 
p.p.m. 

None of the tributaries contributed 
important quantities of B.O.D. or eoli- 
form organisms. It was_ estimated 
that the combined B.O.D. from all 
tributaries was only 1,130 lb. per day. 


Method of Study 


A careful field survey was made be- 
fore sampling started. Sampling sta- 
tions were selected at intervals of about 
3.5 miles in the upper 15 miles of the 
stream, where it was thought that con- 
ditions would be most significant. They 
were spaced about 13.5 miles apart in 
the lower portion, where it was thought 
that recovery would be well advanced. 

Gaging stations, with continuous re- 
corders, were established and rated at 
all sampling stations. 

The distributions of wastes across 
the stream were investigated. At those 
sampling stations where the mixture 
of wastes was not complete each stream 
cross-section was divided into three or 
more subsections of equal discharge. 
Sampling points, marked by buoys, 
were established at the centers of the 


subsections, to insure representative 
sampling. 

Two complete sets of samples were 
collected from all stations, and a third 
set was collected at stations from Mile 
42.7 through Mile 27.3. For each set, 
samples were collected for 24 hours at 
2-hour intervals, except at Mile 42.7 
and on the major tributary, where the 
sampling intervals were 4 hours. The 
water that was sampled at Mile 42.0 
below the first source of pollution, was 
identified as it passed and was followed 
downstream to and sampled at succes- 
sive stations. This eliminated the wide 
range in stream conditions that fre- 
quently is encountered in the usual 
sampling program, consisting of daily 
or less frequent sample collection at 
each station over an extended period 
of time. 

Detailed description of the methods 
used to identify the water under ex- 
amination would require a separate 
article and only the principal method 
ean be mentioned briefly. One of the 
wastes in the stream was a highly ion- 
ized chemical. Fluctuations in con- 
centrations of this chemical gave fluctu- 
ations in electrical conductivity as the 
water passed a sampling station. These 
results, when plotted, gave a distin¢tive 
pattern. This pattern maintained its 
identity as the water passed down- 
stream, and permitted identification at 
successive stations. 

Gage height was recorded, and tem- 
perature, pH and dissolved oxygen 
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were determined for every sample up- 
on collection. At each station where 
it was necessary to sample several 
points across the stream, equal portions 
from the individual points were com- 
posited every 2 hours into a single 
sample. Each 2-hour sample was com- 
posited in proportion to discharge with 
the three others collected in each 8- 
hour period. The 8-hour weighted 
composites were transported to a trailer 
laboratory, where determinations of 5- 
day B.O.D. and coliform organisms 
were started immediately. Color, tur- 
bidity and alkalinity also were deter- 
mined in the trailer. Portions of the 
three 8-hour composites were propor- 
tioned to average discharges during the 
8-hour periods and were combined to 
form a weighted 24-hour composite for 
each station. These were sent to the 
central laboratory for nitrogen, solids, 
and copper determinations. Long-term 
B.0O.D. determinations were made on 
one complete set of 24-hour composites. 
Special samples were collected for 
plankton identification and counts. 
All samples were iced or otherwise 
preserved as necessary. 

A special technique was used for 
both long-term and 5-day B.O.D. de- 
terminations. All samples were incu- 
bated as collected without dilution. A 
large volume of each sample was placed 
in an unstoppered bottle, from which 
B.O.D. bottles were filled as usual for 
initial and final D.O. determinations. 
The final D.O. was determined after a 
limited period of incubation that would 
not cause total oxygen depletion. 
When the final D.O. was determined 
another set of B.O.D. bottles was filled 
from the large bottle, which had been 
stored unstoppered in the ineubator to 
permit continuing aerobie action. The 
process was repeated as necessary un- 
til the desired term of incubation was 
completed. For the long-term B.O.D., 
several B.O.D. bottles were incubated 
each time it was necessary to refill from 
the large bottle, to permit a final D.O. 
determination each day. 
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Presentation of Data 


The most interesting features of the 
study are revealed by the D.O., B.O.D., 
and coliform results, and discussion is 
limited almost exclusively to these 
factors. 

It is impractical to present the re- 
sults of individual determinations here, 
and only 24-hour averages for one com- 
plete series are given in Table II. In 
spite of the care with which the work 
was conducted there were various cir- 
cumstances, some not subject to con- 
trol, that invalidated some of the indi- 
vidual results. The single set of values 
presented has been assembled here from 
the three sets available. It is believed 
to contain results most nearly repre- 
sentative of actual stream conditions. 


Discussion of Results 
Long-Term B.O.D. 


The results of long-term B.O.D. de- 
terminations are presented graphically 
in Figure 1. The origin of the curve 
for each station below Mile 42.7 has 
been shifted on the horizontal axis to 
allow for the time of water travel from 
Mile 42.7 to that station. 

The first stage of each curve was 
formulated by Thomas’ Slope Method 
(3). Satisfactory fits of the observed 
points were not obtained in some eases. 
Trial and error adjustments were made 
to the ecaleulated deoxygenation co- 
efficients, k, (bottle B.O.D. reaction 
rates), or the calculated first stage 
B.O.D. (Ly), or both, until reasonably 
satisfactory fits were obtained. 

The second stage of each curve also 
was formulated by Thomas’ method 
(4), with the intention of using the 
data in the interpretation of stream 
conditions. Subsequent discussion will 
show why these data were not used as 
planned. 

The first stage deoxygenation coeffi- 
cients k, were used in the calculations 
of stream conditions. They were ap- 
plied to the 5-day 20° C. B.O.D. re- 
sults, as obtained on the trailer, to cal- 





a> 
ie] 
o 
_ 


Ww 
1) 


TERISTI¢ 


1 
, 


NATURAL PURIFICATION CHARA( 


19, No. 6 


Vol. 





O0F'T 002'T 
68°T 8T'% 
C28 STL 

C1Z C'S 
68 ggg 
088 O1s 

00 2 FI 

6 8 








00 


0G 
08 
OO! 


9120 

CVG 
TL2°0 
90¢°0 


00¢°% 
LYS 
S'F8 
0 


OI 

tT 
92 
€o°¢ 

8'°S% 


9'€ 
aL 
8'OI 


6SZ 0 

0s’% 
629°0 
9FS°0 


OOT'S 
SL 
ets 
0 


eyeq 


8220 

8hZ 
c8Pr'0 
[TSO 


00r F 


oAreuy 


¢¢00°0 
269°0 
89T°O 
&L0°0 


008'‘T 
Ie'T 
C'Fe 


AIBN, 


bs 


pue s1ydeigo071 








26 
9°SG 
SFE 


000°0¢T 
SLI 
918 
0 


pAH Wseg—TII ATAVL 


0z0°0 | 080°0 
9&1 9° 
8°01 9° 
b'FS aL 
1110 260°0 
LYS Cho's 
ZO'T 189°0 
1640 Z86'0 
00s‘¢ OOlt 
8S°0Z Z8'F 
9°69 Loh 
0 0 
cg 02 
OOT 6E 
69 ag 
8s Pee 
se 1°02 
[ — 
029 029 
OZF LG¥ 


(Curd'd) aqnjog 10384 1eddog 


(‘wir'd'd) a[4BlOA 
(‘urd'd) pextq 
(‘urrd'd) [eqzoJ, 

:spljog pepuedsng 


(‘ur'd'd) “ON 

(ur'd'd) *@QON + *ON 

(‘wrd-d) o1uevsi9¢ 

(‘ur'd'd) *F{N 
:UdTOIIN, 


(‘yur QOOT 10d NqIN) SULIOFTIOD 
(‘ur'd'd) ‘Toa 

(‘urd'd) [eyo], 

(ur'd'd) ureyeyyydjousyqg 
> APUTBATY 


(urdd) Ajrpiqany, 
(‘urd'd) 10;09 

Hd 

(‘w'd'd) uaBAxQ poapossiqy 
(‘d,) onyeredura J, 


(SI) JOABIT, 10}B AQ OUITT, 
(‘s*J'0) o8reyosiq 


La 





‘ON UOTZRIG 








1036 


SEWAGE WORKS JOURNAL 


November, 1947 


LONG TERM B.0.D’S 
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FIGURE 1.—Thirty-day B.O.D. curves. 


culate first stage B.O.D. values at the 
sampling stations. 

At one time it generally was believed 
that k, did not vary far from 0.1 at 
20° C. In this case ky increased from 
0.076 at Mile 42.7, above all pollution, 
to 0.34 at Mile 38.5 below all pollution, 
and then decreased to-.0.095 at Mile 0.0. 

Interesting relationships among the 
coefficients from Mile 38.5 to Mile 0.0 
are shown in Figure 2. A plot of ky 
against B.O.D. concentration on semi- 
logarithmic paper approximates a 
straight line. This suggests that the 
utilization of organic material as bac- 
terial food may become more rapid as 
the concentration of food increases. 
When k, is plotted against time of wa- 
ter travel below Mile 42.7 a smooth 
curve may be drawn through the points. 
In this graph the curve was stopped at 
the point for Mile 34.9, although it 
eould have been continued smoothly 


through the point for Mile 38.5. Con- 
tinuation through this point would in- 
dicate that the curve would become 
asymptotic to the horizontal axis. 
This would mean that the coefficient 
would become infinitely great as the 
time below the entrance of pollution 
approached zero. _This does not appear 
to be logical. It is suggested that the 
entrance of the major tributary below 
Mile 38.5 may influence the downstream 
coefficients in such a way that they are 
not comparable with that for Mile 38.5 
on a time basis. 


B.O.D. in Stream 

The first stage B.O.D. at each sta- 
tion was calculated from the 5-day 
B.O.D. by the formula: 


Xs 


Ino = 7 qQ- 
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FIGURE 2.—Laboratory 


where 


Le = First stage B.O.D. at 20° C. 
Xs = 5-day 20° C. B.O.D. 
ky = Deoxygenation coefficient 


for sampling station deter- 
mined from 
B.O.D. 

t = Time = 5 days. 


long-term 
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B.O.D. reaction coefficients. 


This value was converted to first 
stage B.O.D. at the stream temperature 
by the formula: 


Lr = Lull + 0.02(T — 20)] 
Lr = First stage B.O.D. at stream 
temperature. 
T = Stream temperature in °C. 
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The first stage B.O.D. values at the 
upper and lower ends of each stream 
section were used to calculate the de- 
oxygenation coefficient for the section 
by the formula: 


1, Lp 
hn=- ; logy where 


ky 


Deoxygenation coefficient at 
stream temperature. 


t = Time of water travel through 
section in days. 
Lz = First stage B.O.D. for sta- 


tion at lower end of section. 
La = First stage B.O.D. for sta- 
tion at upper end of section. 


The necessity for corrections for in- 
flow of both pollution and tributary 
water made it impossible to apply this 
formula directly to the data. <A 
graphic method combined with trial 
and error calculations was used to ob- 
tain satisfactory fits of the data, in- 
cluding inflow allowances. The basic 
mathematical principle followed, how- 
ever, is expressed by the formula. 

The k, values at stream temperatures 
were converted to 20° C. values by the 
formula: 


. kr y 
ko = 1.047720 » where 
keo = ky at 20° C. 


kr = k, at stream temperature. 
T = Stream temperature. 


The results of these calculations, with 
some of the basic and intermediate 
data, are given,in Table III and are 
plotted in Figure 3. 

The k, values in the upper stream 
sections possibly are greater than any 
previously reported for a stream. Sedi- 
mentation probably contributed to the 
size of some of them, although most of 
the unstable organic materials in the 
industrial wastes are believed to be 
soluble. But sedimentation alone can- 
not account for the rapid rates of puri- 
fication observed. There was 80 per 
eent reduction in B.O.D. in one-half 
day’s time of water travel below the 
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major source of pollution, and 89 per 
cent in one day. The B.O.D. concen- 
tration at Mile 30.3, 15.3 miles or one 
day below the major source, was 2.04 
p.p.m. less than it was above all pol- 
lution. This indicates a B.O.D. re- 
duction of 109.5 per cent of the added 
pollution. 

It is probable that biological slimes 
found attached to the stream bed were 
a major factor in the rapid rates of 
B.O.D. reduction. The turbulence of 
the water brought it in frequent con- 
tact with these slimes. This probably 
allowed absorption of organic matter 
in a manner similar to that which oc- 
curs in a trickling filter. 

The k, values decreased from 2.26 
at 20° C. in the section immediately 
below the major source of pollution 
to 0.017 in the last section downstream 
This will receive especial comment 
later. 


Dissolved Oxygen 
Reaeration coefficients for the vari- 
ous stream sections were calculated by 
the formula: 
kyLa 


7 ko ona ky 





(10-*14 =z 10-*:*) 
4 Da: 10-*2¢ 


D, 


where 


D, = Dissolved oxygen deficiency 
(adjusted for stream tem- 
perature and elevation) at 
lower end of section, corre- 
sponding to time of water 
travel t. 

Calculated deoxygenation 
coefficient at stream tem- 
perature. 

Reaeration coefficient at 
stream temperature. 
Dissolved oxygen deficiency 
(adjusted) at upper end of 
section, corresponding to first 
stage B.O.D. Da. 


ky 


II 


The accepted use of this formula in 
calculating k, involves a combination 
of graphic and trial and error methods. 
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FIGURE 3.—Diagram of natural purification characteristics. 


An expansion of these methods was 
necessary to allow for inflows of pol- 
lution and tributary water. 

The k, values at stream temperatures 
were converted to 20° C. values by the 
formula: 

kr 
ha = 79159 
where 
kao = ke at 20° C. 
kr = ke at stream temperature. 
T = Stream temperature. 


The calculations involve an assump- 
tion that requires explanation regard- 
ing the utilization of dissolved oxygen 
by settled bottom deposits and organic 
matter absorbed in biological slimes. 
Streeter (1) examined the action of 
sludge deposits in his analysis of nat- 
ural purification phenomena. He de- 
veloped the concept that accumulated 


sludge deposits, after a sufficient pe- 
riod of reasonably constant conditions, 
exerted a daily demand on the dissolved 
oxygen of the stream equal to the 
amount of B.O.D. added to the de- 
posits each day. He formulated the 
process mathematically and proved the 
formulations by application to stream 
data with remarkable agreement be- 
tween observed and calculated values. 
This assumption simplifies the calcula- 
tion of stream coefficients. It implies 
that the effects of bottom deposits may 
be disregarded and the coefficients can 
be calculated from the observed values 
at the upper and lower ends of a sec- 
tion. 

Unfortunately this assumption does 
not appear to apply to the stream un- 
der examination. It results in k, values 
in three sections between Mile 42.6 and 
Mile 38.5 that range from 15.52 to 
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5.22 at 20° C. The physical character- 
istics of this portion of the stream are 
not markedly different from the down- 
stream sections where more reasonable 
values of 1.244 to 0.314 were ob- 
tained. 

The times of water travel, especially 
in the upstream sections, were so short 
that large errors in k, values would 
result from small errors in time. Even 
if the times of travel were uniformly 
low by as much as an improbable 100 
per cent, however, the calculated k, 
values still would be unaccountably 
high. 

Reasonably constant stream con- 
ditions may not have existed long 
enough before the study started for 
the accumulated bottom deposits to 
exert their maximum daily oxygen de- 
mand. Streeter (1) estimated that the 
necesary period of accumulation was 
between 15 and 100 or more days, de- 
pending on the unknown rate of de- 
composition of the bottom deposits. 
Average daily stream discharges had 
been reasonably constant for 53 days 
when the last set of samples were col- 
lected. Stream temperatures probably 
dropped 5° or 6° C. during the same 
period. No other probable variations 
in conditions are known. Even a con- 
servative estimate that the bottom de- 
posits had aceumulated only long 
enough to exert 50 per cent of their 
potential ultimate daily oxygen de- 
mand would yield calculated k, values 
that would be excessively high. 

The only acceptable conclusion ap- 
pears to be that large portions of the 
bottom deposits decompose and escape 
without utilizing disolved oxygen from 
the stream water. If this be true, the 
actual amount of dissolved oxygen 
utilized in a stream section where bot- 
tom deposits exist cannot be calculated 
from observed B.O.D. and D. O. results 
at the ends of the section, and the in- 
itial assumption regarding oxygen 
utilization by bottom deposits results 
in: fictitious reaeration coefficients. 
The term ‘‘deoxygenation’’ used to 
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designate the coefficient k,, therefore 
may be misleading when applied to this 
type of stream. This designation im- 
plies that it represents a withdrawal 
of dissolved oxygen from the stream 
water. Actually, in this stream it ap- 
pears to represent only a reduction in 
the amount of B.O.D. carried in the 
water. If so, it cannot be used in the 
oxygen sag curve formula as a true 
measure of withdrawal of dissolved 
oxygen. 

Numerous references can be cited to 
support the logic of this suggestion. 
Symons (5) incubated a number of 
solutions of pure organic compounds 
anaerobically and identified and meas- 
ured the evolved gases. He reported 
that the compounds liberated large por- 
tions of their carbon and hydrogen as 
methane gas. Both of these elements 
are potential utilizers of dissolved oxy- 
gen to form carbon dioxide and water 
under aerobic conditions. Fair and as- 
sociates (6) have noted that evolved 
methane and free hydrogen gases may 
represent as much as 42 per cent of 
the original potential oxygen demand 
of sludge decomposed under conditions 
simulating those at the bottom of a 
stream. The production of methane 
and hydrogen in the anaerobic diges- 
tion of sewage sludge is well known. 
It is generally accepted that anaerobic 
decomposition occurs in the deeper 
layers of stream bottom deposits. One 
of the chief constituents of the major 
industrial waste in this stream was an 
organic compound that could decom- 
pose anaerobically to carbon dioxide 
and water without the use of any oxy- 
gen other than that contained in the 
compound. 

This discussion indicates why second 
stage B.O.D. values were not used in 
calculating deoxygenation and reaera- 
tion coefficients. In planning the study 
it was reasoned that second stage as 
well as first stage material might be 
deposited on the stream bed. If so, it 
appeared logical that calculations of 
the coefficients should include the dis- 








solved oxygen utilized by the decompo- 
sition of second stage deposits. The 
data indicate that deposition of second 
stage material did occur, since there 
were reductions in second stage B.O.D. 
in upstream sections where there was 
no evidence of exertion of second stage 
demand in the stream water. How- 
ever, Fair, and associates (6) reported 
the loss of as much as 17 per cent of 
the potential oxygen demand of bot- 
tom deposits as oxidizable ammonia. 
This is comparable to the loss of po- 
tential demand by evolution of me- 
thane and hydrogen. The inclusion 
of deposited second stage demand in 
the calculations would have given 
higher deoxygenation coefficients and 
consequently higher reaeration coeffi- 
cients than those which already have 
been rejected as too high. 

Reaeration coefficients probably are 
reliable only in those stream sections 
where any existing bottom deposits de- 
composed aerobically. These sections 
cannot be defined exactly from avail- 
able information, but it appears reas- 
onable that there were no appreciable 
bottom deposits in sections where the 
laboratory deoxygenation coefficient k, 
equalled or exceeded the stream co- 
efficient k,. This occurred in sections 
between Miles 30.3 and 0.0, where 
B.O.D. stabilization was nearing com- 
pletion. The dissolved oxygen in the 
section between Miles 27.3 and 14.2 
apparently reached and remained at its 
maximum observed saturation value 
several miles above the lower end of 
the section. Thus the time of water 
travel through the section did not rep- 
resent accurately the time required 
for the dissolved oxygen to attain the 
value observed at Mile 14.2. For this 
reason the calculated k, of 0.314 at 
20° C. for this section may be low. 
The only reasonably representative k, 
for any section is believed to be that 
of 0.684 for Mile 30.3 to Mile 27.3. 
This section had a relatively high per- 
centage of riffles and a high stream 
velocity. It is probable that a repre- 
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sentative average k, for the entire 
stream would be lower than this, pos- 
sibly between 0.5 and 0.6. 

The maximum dissolved oxygen sat- 
uration value obtained was 82 per cent. 
The stream maintained but did not ex- 
eeed this value for many miles in the 
lower portion of the stream, in spite 
of a high reaeration capacity and a 
negligible exertion of B.O.D. Moore 
(7) reported that constituents of sew- 
age lowered the dissolved oxygen sat- 
uration equilibrium for mixtures of 
water and sewage. The data indicate 
a comparable condition in this stream. 
The oxygen saturation equilibrium is 
a controlling factor in the oxygen sag 
eurve formula. The formula utilizes 
the results of dissolved oxygen deter- 
minations in terms of oxygen satura- 
tion deficiencies. These deficiencies 
usually are based on tables of satura- 
tion values for distilled water. An 
error is introduced into the calculations 
if the assumed saturation values do 
not represent actual stream water sat- 
uration values. It is possible that the 
greatest attainable accuracy can be 
achieved only by determining experi- 
mentally the true oxygen saturation 
values for the stream under examina- 
tion. These values would be used in 
caleulations involving D.O. deficiencies 
instead of the distilled water values 
ordinarily used. 


Coliform Organisms 


The method of sampling and com- 
positing used resulted in relatively few 
samples for coliform organism deter- 
minations at each station. The wide 
range over which bacterial concentra- 
tions may vary at a given station is 
well known. Indeterminate results 
were obtained on some samples because 
the dilutions used were inadequate to 
cover the ranges of coliform concentra- 
tions. The laws of chance distribu- 
tion of bacteria in water, on which the 
theory of M.P.N. is based, indicate that 
the estimated M.P.N. values on equal 
portions of the same sample may vary 














e over a wide range. In this study if 
3. any one result was indeterminate or 

fell near either extreme of the range 
bs of possible M.P.N. results it could throw 


the average for a station out of line 
= with representative results at other 


e stations. Probably the examination of 
e a large number of samples collected 
3 at random over a long period of time, 
2 or the examination of a large number 


, of portions from each of the limited 
: number of samples obtained in this 
; study, would have given more satis- 
factory results. 

| It was necessary to combine coliform 
results from two sets of samples to ob- 
tain a typical death rate curve. Values 
for Mile 38.5 through Mile 34.9 from 
one set were combined with values for 
Mile 30.3 through Mile 0.0 from another 
set. The two values at Mile 30.3 for 
the two sets differed by only 10 per 
cent. The stream discharges and times 
of water travel for the two sets were 
nearly identical. 
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The M.P.N. values were converted to 
quantity units, which placed all re- 
sults on a comparable basis, despite in- 
creasing stream discharge within the 
section. The quantity units were con- 
verted to the percentages that they 
represented of the maximum observed 
value which occurred at Mile 38.5. 
These values plotted against time 
on semilogarithmic paper, give the 
curve presented in Figure 5. This 
curve can be fitted satisfactorily by the 
formula for bacterial death rates de- 
veloped by Streeter (8) : 


y = a(10-**) + c(10-4*) 
where 


y = percentage of maximum ob- 
served coliform value remain- 
ing after time ¢ in hours. 


a, b, c and d = constants. 


b 

The rates of coliform reduction in- 
dicated by the first portion of this 
curve were quite high, with only 2 per 
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FIGURE 4.—Relative recovery capacities of turbulent and sluggish streams. 
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cent remaining at the end of one day. 
The rates probably reflect the effects of 
sedimentation and absorption previous- 
ly discussed. The limitations described 
above must be remembered in judging 
the reliability of the actual numerical 
values obtained. 


Turbulent and Sluggish Streams 
Compared 


Most of the present-day concepts of 
natural purification are influenced .by 
the factors developed by the United 
States Public Health Service in its ex- 
cellent studies of pollution and natural 
purification in the Ohio River. It is 
interesting to compare the results ob- 
tained on the shallow and turbulent 
stream with calculated results for a 
hypothetical deep and sluggish stream 
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FIGURE 5.—Comparison of coliform death rate and B.O.D. reduction. 


similar to the Ohio River. The same 
oxygen deficiency and B.O.D. above 
the sources of pollution, and the same 
temperatures and additions of pollu- 
tion and tributary dilution found in 
this study are assumed for the hypo- 
thetical stream. The main difference 
is that coefficients of k, = 0.10 and k, 
= 0.20 at 20° C. are used for the hypo- 
thetical stream. The calculated results 
are shown graphically in Figure 4. 


Biochemical Oxygen Demand 


The rapid disappearance of B.O.D. 
from the water of this stream, with a 
reduction of 109.5 per cent of the 
added B.O.D. in one day, contrasts de- 
cidedly with the much slower reduc- 
tion in the hypothetical stream, where 
there is a reduction of only 22.5 per 
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cent in one day and 53.4 per cent in 
three days. 


Dissolved Oxygen 


The turbulent stream reached its 
ininimum dissolved oxygen content of 
21 per cent saturation in 0.25 day and 
recovered to 58 per cent saturation in 
one day. In 2.25 days it attained its 
maximum observed degree of satura- 
tion at 82 per cent. The hypothetical 
eurve descends to 7 per cent satura- 
tion in one day and to total depletion 
in a little less than 1.5 days. Total 
depletion continues for about 1.5 days 
and the curve recovers to only 10 per 
cent saturation in 3.5 days. 

This indicates the difference in the 
capacities of the two types of streams 
to assimilate organic pollution without 
excessive dissolved oxygen depletion. 
The greater assimilative capacity of 
the turbulent stream is due partially 
to its greater reaeration capacity. It 
appears that the ability of this stream 
to reduce jhigh concentrations of B.O.D. 
very rapidly, possibly by absorption 
of organie material in bottom slimes, 
tends to counteract its favorable re- 
aeration capacity. The bottom deposits 
concentrate the oxygen demand in 
those sections where they occur, and 
add their dissolved oxygen require- 
ments to those of the B.O.D. exerted 
normally in the stream water. Evi- 
dence has been offered which suggests 
that the deposited organic material 
may not exert all of its potential de- 
mand on the oxygen of the stream, but 
that a portion of it may be converted 
anaerobically to unoxidized gases that 
escape from the stream. If this be 
true, it partially counteracts the ad- 
verse effects of the bottom deposits. 


Coliform Organism Death Rates 


Comparison of coliform death rate 
constants for the Ohio River below 
Cincinnati (8) with those obtained in 
this study indicates that the rates were 
much greater in this stream immedi- 
ately below the source of sewage: 
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Numerical Value 











Constant 
Ohio River This Stream 
a 99.51 97.5 
b 0.0195 0.275 
c 0.49 2.5 
d 0.00242 0.0036 





The comparison may be made also 
in terms of percentages remaining at 
the ends of selected periods of time. 
In the Ohio River 64 per cent remained 
after 10 hours, compared to 2.5 in this 
stream. After 20 hours the respective 
values were 41 and 2.1 per cent. The 
downstream rates in this stream were 
lower than those in the Ohio and after 
100 hours the values were relatively 
close together at 1.4 and 1.1 per cent. 


Formulation of Biochemical Oxygen 
Demand Curve in Stream 


The first stage B.O.D. values in the 
stream exhibited an extremely interest- 
ing relationship. The results, in thou- 
sands of pounds per day at each sta- 
tion, were converted to the percentages 
that they represented of the calculated 
value at Mile 40.0 where the last major 
waste entered the stream. These re- 
sults, plotted against time of water 
travel on semi-logarithmic paper, are 
shown in Figure 5. The curve closely 
resembles a typical bacterial death rate 
curve and can be fitted by the same 
method of formulation : 


y = 79.7(10--%597t) 4 20.3(10-0-00048) 
where 


_y= Percentage of first stage 
B.O.D. (calculated for Mile 
40.0) that remains at end of 
time ¢, in hours. 


This indicates that the rate of B.O.D. 
reduction diminished progressively 
with time below the source of pollu- 
tion. If this be true, the deoxygena- 


tion coefficients k, calculated for the 
various sections of the stream were not 
constants as the method of caleulation 
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implies. Each k, represented, instead, 
the average of the constantly diminish- 
ing rate for the individual stream sec- 
tion. 

It is possible that the first steep por- 
tion of the curve may be due princi- 
pally to the reduction in B.O.D. 
through deposition on the bottom, 
while the second portion may repre- 
sent more nearly normal action in the 
stream water. The two phases may 
represent two distinct types of B.O.D. 
reduction rather than one type which 
proceeds at a progressively diminish- 
ing rate. It probably is premature, 
therefore, to suggest that this may rep- 
resent the typical course of B.O.D. 
reduction even in streams in which 
deposition does not occur. There is a 
certain logic, however, in the thought 
that there may be a definite correlation 
between the B.O.D. reaction and the 
fate of the organisms that support it. 


‘Summary 


Generalizations based on limited data 
are dangerous, especially when they 
indicate conclusions that are contrary 
to accepted concepts. The boundaries 
of this article, which have been estab- 
lished arbitrarily, could be expanded 
by venturing further into theories 
which are suggested, but not fully sup- 
ported by the availeble data. 

The extremely detailed method of 
study justifies more confidence in pre- 
senting the data than would be the case 
if they had been obtained by the usual 
random sampling method. It is be- 
lieved that they at least are reasonably 
representative of the condition of the 
stream during the period of sampling. 

This article is not offered as a final 
answer to the questions it raises. It 
is offered in the hope that it will stimu- 
late others to assist in the research 
needed to solve the problems involved 
in maximum utilization of the rela- 
tively great capacities of shallow tur- 
bulent streams to assimilate pollution. 
It is believed that the research will 
yield rich dividends in the form of 
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more economical treatment plants for 
wastes discharged into this type of 
stream. 

The following conclusions indicate 
some, but not all of the factors which 
require further investigation : 


1. The laboratory deoxygenation co- 
efficients k, varied approximately with 
the 5-day B.O.D. concentrations of the 
samples collected below all sources of 
pollution. The range was 0.34 to 0.095 
for B.O.D. results of 20.6 to 1.89 p.p.m. 

2. The stream deoxygenation coef- 
ficients k, were many times greater 
than the laboratory coefficients for 
some distance below the sources of pol- 
lution. Still farther downstream the 
relationship was reversed. The range 
of the stream coefficients was 2.26 to 
0.017 at 20° C. 

3. The rate of reduction in B.O.D. 
was much more rapid in this stream 
ihan in the usual deep, sluggish stream. 
The reduction was about seven times 
as great for 0.5 day and four times as 
ereat for one day. 

4. The rate of first stage B.O.D. re- 
duction in the stream water followed 
the normal course of bacterial death 
rates. This indicates that the rate was 
not constant but diminished progres- 
sively with time below the entrance of 
pollution. 

5. It is suggested that the rapid re- 
duction in B.O.D. may be due partially 
to the absorption of organic material 
in biological slimes on the bed of the 
stream. 

6. The assumption that all deposited 
material exerted its full potential de- 
mand on the dissolved oxygen of the 
stream water resulted in obviously ex- 
cessive reaeration coefficients k, that 
ranged from 15.52 to 5.22 at 20° C. 
It is suggested that portions of the 
deposited material may have decom- 
posed anaerobically and escaped from 
the stream as unoxidized gases, with- 
out utilizing oxygen from the stream 
water. 

7. Only one stream section yielded a 
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calculated reaeration coefficient that is 
believed to represent accurately the 
reaeration capacity of the section. 
This value, 0.684 at 20° C., was ob- 
tained in a section with more riffles 
and a higher velocity than the aver- 
ages for the stream. <A more nearly 
representative average for the entire 
stream possibly would fall between 
0.5 and 0.6. 

8. This stream could assimilate more 
organie pollution without excessive dis- 
solved oxygen depletion than could a 
deep sluggish stream. Some of the 
factors that affect the assimilative ca- 
pacity appear to be: 


(a)High reaeration coefficients that 
increase the assimilative capacity. 

(b) Concentration of B.O.D. through 
deposition on the bed of the stream, 
which tends to decrease the assimila- 
tive eapacity. 

(c) Elimination of a portion of the 
deposited material without utilization 
of dissolved oxygen, which tends to 
counteract the concentration of B.O.D. 
and inerease the assimilative capacity. 


9. The coliform death rates for this 
stream were similar to those for the 
Ohio River, but were higher imme- 
diately below pollution and lower far- 
ther downstream. After 10 hours only 
2.5 per cent of the coliforms remained, 
compared to 64 per cent in the Ohio. 
After 100 hours comparable values 
were 1.1 and 1.4 per cent. 

10. The relatively few samples ex- 
amined for coliform organism in this 
study probably did not yield altogether 
dependable M.P.N. averages. Because 
of the wide range of possible values 
inherent in the estimation of the 
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M.P.N a much larger number of indi- 
vidual examinations should be made to 
ensure representative averages. 
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NATURAL PURIFICATION OF A SHALLOW TURBULENT 
STREAM—A DISCUSSION 


By GrorGE E. SymMons 


Associate Editor, Water and Sewage Works, New York City 


Certainly this paper is an outstand- 
ing contribution to our knowledge of 
self-purification of streams. At the 
same time that we realize the tremen- 
dous amount of work that went into 
this study by Mr. Kittrell and his staff, 
we must appreciate the difficulties that 
may be expected in any attempt to 
make a large scale experiment out of a 
natural stream. Likewise, we must ap- 
preciate the difficulties in attempting to 
correlate laboratory and field data, par- 
ticularly when one is dealing with bio- 
chemical oxygen demand. These are 
two of the important implications of 
the work represented by the paper. 

This latter observation becomes ap- 
parent when one compares the deoxy- 
genation constants obtained in the 
laboratory studies with those obtained 
in the field. For example, these data 
indicate the deoxygenation constant in 
the stream to be more than ten times 
that obtained in the bottle. Thus again 
we see that what happens in a stream 
cannot be duplicated in a bottle. 

Certain other observations from 
Kittrell’s study deserve more than 
passing comment. It should be reem- 
phasized that this study made use of 
proportional sampling of the cross- 
section of the stream. Furthermore, 
the sampling of the stream was so pro- 
portioned to flow that any particular 
sample at any particular point repre- 
sented original pollution at a previous 


time, equal to the flow time to that 
point at that elevation and velocity of 
flow. In spite of these precautions as 
to sampling and the compositing of 
samples over three 8-hour periods to 
compensate for diurnal effects and 
variations in flow, the data obtained 
were not always usable. 

The method of determining long- 
term B.O.D.’s by incubating the sam- 
ple in a large open bottle from which 
samples are drawn at intervals for the 
determination of 5-day B.O.D. seems 
unique. One may wonder if this pro- 
cedure has any effect on the difference 
in rate of deoxygenation between the 
bottle tests and the stream tests. 

Probably the most outstanding ob- 
servation to be made about the data is 
the wide and rapid variations in the k 
values in the deoxygenation formula 
as the water progresses downstream. 
This wide variation was noted both in 
the laboratory tests and in the stream, 
the variations in the stream being from 
2.26 to 0.017 (at 20° C.). The authors 
have given several possible reasons for 
this variation of a constant that ap- 
parently is not a constant at all. These 
possible factors are listed as (1) sedi- 
mentation of some of the oxidizable 
matter, (2) oxidation of dissolved and 
colloidal matter by slimes attached to 
the bed of the stream, (3) anaerobic 
digestion (oxidation) of organic matter 
within sludge beds, and (4) more rapid 
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utilization of organic food by bacteria 
when the concentration of food is high. 

As noted by the authors, Streeter 
had postulated ina: sedimentation was 
not a factor vecause the ‘‘sludge de- 
posits ... exert a daily demand on 
the stream equal to the amount of the 
B.O.D. added to the deposits each 
day,’’? but the paper under discussion 
indicates that this apparently is not so. 
They cite the work of Fair on sludge 
deposits and of this discussor on the 
methane fermentation of organic com- 
pounds, to show that, under anaerobic 
action, organic matter may be con- 
verted to carbon dioxide, methane, and 
ammonia which, when released to the 
stream above, do not exert an oxygen 
demand on the stream. Thus it ap- 
pears that sedimentation plus anaerobic 
oxidation (wet burning) can mate- 
rially affect the deoxygenation coef- 
ficient or rate of satisfaction of B.O.D. 
in a stream. 

In this same connection it may be 
pertinent to inject the idea that per- 
haps different organic compounds have 
different rates of oxidation by bacteria, 
i.e., bacteria attack the more easily 
oxidized matter first, with the less 
easily oxidizable matter being left un- 
til later (further downstream). 

That bacteria do oxidize organic 
matter at different rates was evidenced 
in studies by this discussor with Dr. 
A. M. Buswell at the University of 
Illinois in 1928-32. In aerobic oxida- 
tion in B.O.D. bottles, pure soaps of 
fatty acids showed an average */ value 
of 0.0324. Variations were from 0.0192 
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to 0.0408, with the simpler fatty acids 
having the higher & values. In anaero- 
bie oxidation (the methane fermenta- 
tion) the rate of decomposition by 
bacteria was often affected by the com- 
plexity of the organic molecule or its 
bacteriostatic effect. 

The concept that rates of oxidation 
may be higher at higher concentrations 
of organic bacterial food may need fur- 
ther scrutiny. It is true that bacterial 
populations increase and die off with 
some relation to concentration of food 
supply. Perhaps it may be true that 
high concentrations of bacteria may 
destroy a given quantity of organic 
matter in less time than low concentra- 
tions, but there is no reason to believe 
that the life process of an individual 
bacterium proceeds faster in the pres- 
ence of higher concentrations of food. 
On the other hand, at lower concentra- 
tions of both food and bacteria, the 
rate of disappearance of organic mat- 
ter may be affected by the random 
chance of contact between food and 
organism, but once that contact is 
made the bacterial oxidation probably 
proceeds at the rate dependent on the 
life process of the organism. Tempera- 
ture, of course, is a factor in this. 

On the basis of the authors’ work it 
appears that in self-purification studies 
we cannot ascribe a single curve of a 
particular type to fit all streams and 
all conditions. It has been intimated 
that perhaps this deoxygenation or 
B.O.D. satisfaction curve is not a first 
order reaction at all. There are yet 
many factors to be evaluated. 
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MANAGED MAINTENANCE INSURES OPERATING 
EFFICIENCY 


There is no gainsaying the excellent 
job of plant operation most sewage 
works men are doing today. Higher 
plant effluent standards are being 
achieved than ever before, and rou- 
tinely so. The same objective ap- 
praisal of the upkeep aspect of plant 
administration, however, reveals that 
the average sewage works operator is 


not doing a comparable job of main-* 


tenance of mechanical and _ physical 
equipment. 

Harrassed many times by lack of 
personnel, the responsibility for more 
than one job, and disinterested mu- 
nicipal officials, the average sewage 
works operator is tempted to defer 
adequate care of equipment in favor 
of what seem to be more urgent du- 
ties. As a result, equipment care pro- 
grams frequently become repair pro- 
grams. The elements of management 
—intelligent, planned, economical con- 
trol—are lacking. 

The unfortunate aspect of this is 
that proper upkeep of sewage works 
will pay its own way and will return 
dividends in time, money, and operat- 
ing efficiency. Time spent in this man- 
ner is not a loss, but an investment. 
Managed maintenance—a positive pro- 
gram entailing the performance of ac- 
tive measures for insuring equipment 
efficiencies—will minimize wear, fore- 
Stall breakdowns, and postpone re- 
placements. 

Managed maintenance means intelli- 
gent maintenance! <A thorough wun- 
derstanding of the construction and 
operation characteristics of equipment 
and structures is basic for their con- 
tinued efficient operation and upkeep. 
Without such knowledge any program 
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for equipment care becomes only a 
guess-work proposition. With such 
knowledge ineffectual and harmful 
practices are eliminated. 

Managed maintenance means a 
planned program! Knowledge without 
a workable plan for its use is of little 
value. Adequate planning for main- 
taining sewage works machinery in- 
volves an actual listing and scheduling 
of all upkeep requirements and a physi- 
eal recording of the work accomplished, 
as contrasted with the prevalent prac- 
tice of carrying such schedules and 
records in mental files cluttered by 


faulty memories. Planned sewage 
works upkeep results in ‘‘shooting 
trouble’’ instead of ‘‘trouble shoot- 
ing.’’ 


Managed maintenance means econ- 
omy! Over-all economy of plant op- 
eration always results when equipment 
is properly cared for. Intelligently 
planned, such care will prevent the 
practice of operating equipment past 
its economical life span because ade- 
quate and accurate cost reeords are 
not available. Economical mainte- 
nance requires periodic comparison of 
upkeep*and operation costs with those 
of replacement equipment. 

Perhaps if maintenance failures were 
as quickly and dramatically apparent 
as operating failures, proper care of 
equipment and structures would re- 
ceive its just share of the sewage works 
operator’s time and energy. This, 
however, is certain: only managed 
maintenanece—intelligent, planned, eco- 
nomical maintenance—can insure the 
continuous, efficient operation of sew- 
age works. 


8. C. M. 
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SEWAGE TREATMENT AT SOUTH ST. PAUL, 
MINNESOTA * 


By W. H. Cropsey anp K. D. Larson 


Plant Superintendent and Chemist, respectively, South St. Paul, Minn. 


Many persons confuse the South St. 
Paul sewage treatment plant with the 
Minneapolis-St. Paul Sanitary District 
plant. The latter treats the sewage 
from Minneapolis and St. Paul, while 
the former handles the sewage and in- 
dustrial wastes from the city of South 
St. Paul, a separate city adjacent to 
and southerly from the St. Paul city 
limits. 

Prior to 1940, the large packing 
plants of Armour and Swift and sev- 
eral small packing plants in the city 
of South St. Paul discharged their 
wastes into the Mississippi River with- 
out treatment. This was not an in- 
tentional misuse of public property, 
since for many years it appeared that 
the 11,800-see. ft. average flow of the 
Mississippi River was large enough to 
take care of the sewage of Minneapolis, 
St. Paul, and South St. Paul by di- 
lution. No doubt this was an influenc- 
ing factor in the location of these in- 
dustries. 

In 1914, however, the Twin City 
Lock and Dam was built. This created 
a large quiescent pool which rapidly 
became offensive due to its septie con- 
dition and to floating sludge solids. 
It became apparent that the Twin 
Cities must do something about the 
sewage which emptied into this pool; 
but before plans could be made for 
corrective measures the federal Gov- 
ernment came out with a new River 
and Harbors program. This program 
was the ‘‘Nine Foot Channel Project’’ 
which would make possible large barge 
traffic on the Mississippi, up to St. 
Anthony Falls. 

To create the 9-ft. channel required 


* Presented at 20th Annual Meeting, Cen- 
tral States Sewage Works Association; Du- 
luth, Minn.; June 21-22, 1947. 





for this improvement below the Twin 
City Lock and Dam and through the 
cities of St. Paul and South St. Paul, 
another lock and dam had to be built 
about 30 miles below the Twin City 
dam. This dam is now known as Hast- 
ings dam. 

When the 9-ft. channel project was 
announced it was obvious that on its 
completion the Twin Cities and South 
St. Paul would have two septic pools 
instead of the one previously men- 
tioned. Accordingly, interested parties 
such as the Minnesota Public Health 
Department, the Metropolitan Drain- 
age Commission, and the South St. 
Paul engineers carried out extensive 
studies to determine what should be 
done to eliminate the pollution of the 
Mississippi. These studies showed that 
(1) it was advisable for the Twin Cities 
and South St. Paul to treat their wastes 
(this was upheld by the Minnesota 
State Legislature and in 1933 a law 
was passed making it mandatory for 
the Metropolitan area to treat all its 
sewage and industrial waste), (2) the 
cities of St. Paul and Minneapolis 
should build a sewage treatment plant, 
and (3) the city of South St. Paul 
should build a sewage treatment plant. 
With regard to the South St. Paul 
sewage treatment plant, it was decided 
that primary treatment would be ade- 
quate for some years to come. 

On completion of these preliminary 
studies the city of South St. Paul hired 
the consulting engineering firm of 
Consoer, Townsend and Associates, of 
Chicago, Illinois, to design and super- 
vise construction of a plant. The con- 
struction work on the plant and the 
intercepting sewer was carried out by 
the Okes Construction Company of St. 
Paul. The plant was built at a cost 
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of $945,500; the cost of the intercept- 
ing sewer was $152,000. 

Sewage was turned into the South 
St. Paul plant on the 15th of July, 
1940 and, except for a few interrup- 
tions due to changes and breaks in the 
main interceptor, the plant has been 
in continuous service ever since. 


Description of the Plant 


The plant was designed to take care 
of a 10-m.g.d. flow. The main units 
are: screening units, grit chambers and 
roughing tanks, grease removal units, 
mechanical flocculation tanks, primary 
sedimentation tanks, primary trickling 
filters, and final sedimentation tanks. 

The sewage enters the plant from 
the main interceptor at a ground level 
depth of 21 ft., which is 18 ft. below 
the high water level of the Mississippi. 
The fact that the main interceptor is 
several feet below the high water level 
of the Mississippi River causes con- 
siderable difficulty in the efficient op- 
eration of the plant and the mainte- 
nance of the main interceptor. Prob- 
‘lems associated with this condition will 
be discussed later. 


Screening Units 


The sereening units consist of two 
7.5-m.g.d. comminutors and a 1-in. hand 
cleaned bar screen. The flow is con- 
trolled by gates so that all three or 
only one screening unit can be used at 
a tinue. After passing through the 
sereens the sewage drops into wet well 
No. 1, from where it is pumped to the 
grit chambers and roughing settling 
tanks. 


Grit Chambers and Roughing Settling 

Tanks 

Originally the grit chambers were 
constructed as 3 separate tanks each 
10% ft. wide by 110 ft. long with a water 
depth of 8 feet. This gave a total 
capacity sufficient for a 30-min. de- 
tention period at a 10-m.g.d. flow. 
Each tank was equipped with its own 
straight-line ‘‘Link Belt’’ sludge and 
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grease conveyor and a sludge suction 
line. 

Experience soon proved that the 
sludge collected in these tanks could 
not be pumped either by use of cen- 
trifugal or displacement sludge pumps. 
After pumping a few hours during the 
killing time at the packing plants, the 
sludge lines from the grit chambers 
would plug, due to the matting effect 
of the straw and hay in the paunch 
manure. As soon as the sludge lines 
were plugged the entire plant had to 
be bypassed. This would continue for 
several hours until the grit chambers 
eould be drained and cleaned manu- 
ally. To solve this problem Consoer, 
Townsend and Associates and the Yeo- 
man Brothers Company designed and 
built a conveyor and compressed air 
ejector which was able to handle this 
sludge. 

The effluent of the grit chambers can 
flow by gravity either through the 
grease removal units and then to the 
mechanical flocculation units or di- 
rectly to the flocculation tanks. 


Grease Removal Units 


The grease removal units are a pair 
of tanks 10% ft. wide by 42 ft. long 
with an 8-ft. liquid depth. Sewage 
enters these tanks at one end, flows 
partially down the tank and over a 
45° slope wooden baffle which extends 
nearly to the bottom of the tank and 
the center wall adjoining each tank. 
Actually, this forms two distinct parts 
in each tank, the V-shaped central 
space being quiescent while the outer 
area of the tank is used for an aera- 
tion chamber. 

After entering the quiescent space 
the sewage flows under an adjustable 
weir at the end of the tank and then 
by gravity to the flocculation units. 
From time to time, depending on the 
accumulation of grease, the tank is 
skimmed by raising flood gates at the 
end of the tank. This floats the grease 
into the large U-shaped weir trough 
in the center of the tank. 
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This unit has not been used much 
for four reasons: (1) it was discovered 
that the introduction of aeration at 
the influent end of the grit chambers 
made these tanks effective grease re- 
moval units as well as grit chambers; 
(2) the short 6-min. retention, during 
peak flows, in the grease removal units 
was not enough to allow all the aerated 
grease to rise to the surface. Instead, 
the grease was carried over into the 
mechanical floceulators where it floated 
to the surafee and, due to the lack of 
a skimming mechanism, had to be re- 
moved manually; (3) in both the 
quiescent area and, to a lesser extent, 
in the aeration section of the tank, 
solids settled out. Since this was not 
anticipated, plans for the removal of 
these solids were not included in the 
original design. Thus it became neces- 
sary to bypass the unit and clean it 
manually each week, sometimes more 
often; (4) the cost of operating and 
maintaining the two rotary air com- 
pressors was no small item in dis- 
couraging the use of these units. 


Mechanical Flocculation Unit 


This unit consists of 3 flocculation 
tanks each 33 ft. wide by 55 ft. long 
with a liquid depth of 8 feet. This is 
sufficient volume when all tanks are 
in use to provide a 45-min. detention 
period on a 10-m.g.d. flow. 

Due to the high content of suspended 
material in packing house wastes these 
units have proven very effective in the 
formation of conglomerate masses of 
sufficient size to settle readily in the 
primary sedimentation tanks. After 
45 min., at 10-m.g.d. flow, in the floceu- 
lation tanks, the sewage flows through 
a baffled wall into the primary sedi- 
mentation tanks. There is one sedi- 
mentation tank for each flocculation 
unit. 


Primary Sedimentation Tanks 


Each of the 3 primary sedimenta- 
tion tanks is 33 ft. wide and 110 ft. 
long with a water depth of 8 feet. 
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Each tank is equipped with a pair of 
‘*Link-Belt’’ straight-line sludge and 
grease conveyors and has 180 ft. of 
effluent weir. At a 10-m.g.d. rate, 
the overflow rate for the effluent weirs 
is 19,000 gal. per ft. per day. The 
settling rate at a 10-m.g.d. rate is 920 
gal. per sq. ft. of tank area, with a de- 
tention period of 114 hours. The floc- 
culation units and the primray sedi- 
mentation tanks are very efficient 
when compared to similar treatment 
of ordinary domestic sewage. Removal 
of B.O.D. in these units during killing 
days at the packing plants some years 
exceeds 340 p.p.m. (see operating 
data). The effluent of the primary 
sedimentation tanks flows by gravity to 
wet well No. 2 and from there it is 
pumped to the primary filters. 

During peak flows all in excess of 
the 10-m.g.d rate is pumped to a one 
million gallon equalization tank. This 
partly treated stored sewage is bled 
back to the raw sewage during the 
night. At certain times, such as dur- 
ing spring floods, all flow in excess of 
10 m.g.d. is pumped directly to the 
outfall sewer from wet well No. 2. 
Trickling Filters 

The present plant has 6 large, cir- 
eular primary trickling filters, each 
113 ft. in diameter with an average 
rock depth of 6 feet. Since over 90 
per cent of the flow is packinghouse 
waste, heavy loadings on the filters 
were anticipated. Operating experi- 
ence has shown that the 3 year average 
B.O.D. of the primary effluent going on 
the filters, during killing days at the 
packing plants, was 550 p.p.m. De- 
signing engineers anticipated that these 
high loadings might cause ponding; 
therefore each filter was equipped with 
backwash facilities and with air lines 
at the bottoms for agitation of the 
wash water during backwashing. 

The filters are not equipped with 
dosing tanks. Primary effluent is 


pumped directly to the PFT rotary dis- 
tributors. . ; 
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Before explaining in more detail how 
the backwash system operates, it may 
be of general interest to digress and 
point out that these filters are not 
housed and that during the past seven 
winters of operation none of the filters 
has frozen. It is true that during 
heavy winter wind storms ice collects 
on the distributor guide cables and on 
the filter walls. The icing of the guide 
eables never becomes serious for the 
ice is broken off by hitting the sharp 
rocks or parts of the drainage flume 
before it has a chance to stop the rota- 
tion of the distributors or to build up 
enough to be detrimental in any way. 

It was discovered that the icing of 
the filter walls could be almost com- 
pletely eliminated by- raising the hinged 
diffused plates on the outside nozzles, 
allowing the sewage to flow in a steady 
stream rather than a spray. Several 
plants in this area have found that 
filter buildings have deteriorated to a 
point where complete reconstruction is 
necessary after less than 10 years of 
operation. Operation of the South St. 
Paul plant has indicated that plants 
having reasonably constant flow, or 
plants with equalizing tanks, do not 
need to cover trickling filters in order 
to keep them operative during the win- 
ter if located where climatic conditions 
are similar to or less severe than those 
in Minnesota. 

Sinee backwashing of trickling filters 
is not a common procedure, it may be 
worthwhile to discuss this process in 
more detail. For backwashing, 450,000 
gal. of plant effluent is used for each 
filter. The wash-water is not pumped 
directly into the filters but instead is 
pumped to an elevated storage tank of 
475,000 gal. capacity. 

During backwashing the elevated 
tank is allowed to empty very rapidly 
through a 48-in. concrete conduit. The 
flow up through the filters is at the 
rate of 15,000 gal. per min. with a hy- 
drostatic pressure at the base of the 
filter of 6.3 to 4.7 pounds. To aid in 
backwashing, a grid of air lines with 
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orifices spaced 18 in. from center to 
center was placed 6 in. above the bot- 
tom of the filter rock. To compress air 
for this aeration system a blower de- 
livering 6,500 cu. ft. per min. is used. 
It delivers 3 lb. pressure at the dis- 
charge of blower. 

Experience has proven that: (1) the 
elevated tank is not as high as it should 
be to get the best results with the 
volume of water used. An additional 
3 or 4 Ib. of hydrostatic pressure 
would greatly improve the backwash 
process. An increase of 6 in. in eleva- 
tion of the South St. Paul back-wash 
tank, which added a few thousand gal- 
lons of water and approximately \ lb. 
of water pressure, considerably in- 
creased the efficiency; (2) more air at 
greater pressure would be desirable. 
The increased pressure would help pre- 
vent the clogging of the orifices and a 
larger quantity of air would produce 
greater agitation of the wash water. 
After passing up through the filters 
the backwash water is drained into a 
%-mil. gal. storage tank from which it 
is bled back to the raw sewage during 
the low night flow. The effluent from 
the trickling filters flows by gravity to 
the final sedimentation tanks. 


Intermediate Final Sedimentation 
Tanks 
The intermediate sedimentation 


tanks, which function as final settling 
tanks as the plant is now built, are the 
same size as the primary sedimenta- 
tion tanks and provide a retention pe- 
riod of 1.5 hr. at 10-m.g.d. flow. 
These tanks are also equipped with 
‘‘Link Belt’’ straight-line sludge and 
grease removal equipment. 

During average and low river stages 
the effluent from these tanks flows by 
gravity directly to the river through 
the outfall sewer. During flood stages 
of the river the effluent flows by gravity 
into wet well No. 3 from which it is 
pumped to the river. Thus during 
high river stages the entire flow of the 
plant has to be pumped three times. 
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FIGURE 1.—Plant flow for killing days and Sundays and holidays. 


This pumping adds considerably to the 
cost of treatment but could not be 
avoided due to the relative elevations 
of intercepting sewer and treatment 
plant. 


Laboratory and Operating Data 
Sewage Flow 


The average sewage flow for killing 
days (killing days are the days the 
packing plants are killing, usually 
week days) during the past three years 
was 9,475,000 gal. per day (see Figure 
1). On Sundays and holidays it was 
only 5,230,000 gal. per day. Weir 
studies of various parts of the city indi- 
eate that better than 90 per cent of the 
sewage flow on week days is industrial 
waste from Armour, Swift, and the 
stockyards, the city domestic flow con- 
tributing less than 10 per cent of the 
total flow. 

Since the flow is mostly industrial 
waste, large daily as well as hourly 
variations occur. Figure 2 illustrates 


Settleable solids index = 


graphically to what extent the flow 
varies, both hourly and daily. It will 
be noted by following the heavy dark 
line, that during killing days the flow 
rate varied from about 5 m.g.d to more 
than 17 m.g.d. Flow records show that 
the high Sunday flow seldom exceeds 
the low flow on killing days. This is 
substantiated by Figure 2 which was 
drafted from data collected in October, 
1940, when the high Sunday flow did 
not quite reach the low flow of killing 
days. 


Sewage Strength 


Even as large as these flow variations 
are, they are not as large as the varia- 
tions in the strength of the sewage. 
The dotted line of Figure 2 is an 
hourly graph of what has been called 
the ‘‘settleable solids index.’’ It is 
obtained by multiplying the settleable 
solids in ml. per liter by the rate of 
flow in m.g.d., divided by the average 
daily flow in m.g.d. 


ml. of settleable solids per liter x rate of flow in m.g.d. 





average daily flow in m.g.d. 
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FIGURE 2.—Plant flow in m.g. for typi- 
cal killing day (October, 1940). Dotted line 
equals ml. of settleable solids per liter times 
rate of flow in m.g.d., divided by average 
daily flow in m.g.d. 


From the dotted line in Figure 2 it 
ean be observed that the hourly varia- 
tion in amounts of solids reaching the 
plant on killing days may be as great 
as 25 times the minimum hourly 
amount for the day, and that the maxi- 
mum hourly amounts received on kill- 
ing days may be as much as 100 times 
greater than the minimum hourly 
amounts received on Sundays. 

These high variations in solids load- 
ing produce many difficult problems in 
sludge handling. Because of this, the 
grit chambers had to be equipped with 
drag conveyors as well as facilities for 
pumping the night and early morning 
sludge on Sundays and holidays. 

From an examination of Figure 1, it 
will be noted that flow trends at the 
South St. Paul plant are encouraging, 
for during the ‘last three years there 
has been a constant decrease in flow, 
indicating that the plant facilities, ex- 
cept for the disposal of sludge, can be 


SEWAGE WORKS JOURNAL 


4 GOD 












November, 1947 


expected to be adequate for several 
years. 


B.O.D. 


On killing days, the B.O.D. of the 
raw sewage for the last three years has 
averaged 1,009 p.p.m., with a peak 
monthly average of 1,710 p.p.m. and a 
low of 584 p.p.m. (see Figure 3). 
The large fluctuations in B.O.D. during 
the last year were caused by OPA 
activities in the packing and market- 
ing of meat. Normally one could ex- 
pect a yearly curve much like that pro- 
duced in 1944-1945, with the peak 
loading in the winter. 

The B.O.D. of the plant effluent for 
week days (Figure 3) has averaged 
236.8 p.p.m. This represents an over- 
all reduction of 76.5 per cent with a 
removal of 772 p.p.m., when figured on 
the basis of the flow. . Using only kill- 
ing days, the average daily removal of 
B.O.D. was 60,700 pounds. This re- 
moval compares very favorably with 
thet of the large 145 m.g.d. Buffalo, 
New York plant which serves an esti- 
mated population of 600,000 persons, 
and removes about 56,500 lb. of B.O.D. 
per day. The South St. Paul treat- 
ment plant’s average daily B.O.D. re- 
moval is nearly half that of North Side 
Works of the Sanitary District of Chi- 
eago and on a few heavy days may 
nearly equal, and possibly even exceed, 
that of the big North Side Works. 

With these high removals the aver- 
age cost per ton of B.O.D. removed was 
low during 1944-1945. The cost at 
South St. Paul was $5.20 per ton of 
B.O.D. compared with the $24.04 aver- 
age cost at 18 of the larger sewage 
treatment plants in the United States 
(Table I). 

It is not claimed that these spectacu- 
lar results are due to efficiency of 
operation, but rather to the type of raw 
sewage entering the plant. Because 
of the heavy loading of paunch ma- 
nure, it is possible to remove 21.0 per 
cent of the raw sewage B.O.D. in the 
grit chambers alone, and an additional 
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FIGURE 3.—B.0O.D. of raw sewage, filter influent and final effluent. 


TABLE I.—Cost Data For 18 Sewage Treatment Plants 























. | Cost per Ton mA 
Location Year _ Bog | cr | ——- | “BBD. 

Toledo, Ohio 1944 36.80 | 6.92 | — | 15.45 
Pasadena, Calif. 1944-45 11.00 | 21.38 = | — 21.90 
Ann Arbor, Mich. 1944 480 | 20.11 | 2260 | 23.30 
Marshalltown, Iowa 1944-45 3.05 | 28.57 14.95 | 21.60 
Green Bay, Wis. 1944-45 7.67 | 10.85 20.95 | 42.40 
Gary, Ind. | 1944 18.83 | 11.64 9.05 | 16.48 
Buffalo, N. Y. 1944 | 145.00 8.40 41.50 54.50 
Belleville, Ill. 1944-45 | 3.15 26.50 — 21.06 
Hartford, Conn. 1943-44 | 21.90 10.71 63.25 — 

New Britain, Conn. | 1944-45 | 9.49 19.63 | 27.75 35.60 
Aurora, IIl. | 1944 6.62 14.08 | 22.10 32.75 
Elizabeth, N. J. | 1944 37.17 9.31 | — 22.60 
Urbana-Champaign, III. | 1944-45 3.45 18.68 — 19.58 
Indianapolis, Ind. | 1944 63.26 9.81 — 14.30 
Richmond, Ind. | 1943 5.00 9.72 =| — 16.60 
Mpls.-St. Paul, Minn. | 1945 | 118.60 742 .| 763 | 2600 
Marion, Ind. 1944 | 4.32 17.91 | " | 28.26 
Winnipeg, Man. 1944 20.30 8.95 | 10.80 22.80 
So. St. Paul, Minn.’ | 1944-45 948 | 1426 | 3.75 | 5.20 
So. St. Paul, Minu.? | 1944-45 | 9.10 240 | 3.30 
Av. of 18 plants, not including So. St. Paul | 14.43 24.04 
Av. of 10 plants, not including So. St. Paul | ~ 30.06 — 





1 Gross cost of treatment. 


2 Net cost after deducting value of recovered grease sold. 
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24.5 per cent in the mechanical floc- 
eulators and primary settling tanks. 
Thus, approximately 59.5 per cent of 
the total reduction is accomplished by 
primary sedimentation. The trickling 
filters remove more B.O.D. than might 
be expected, for the sewage going on 
the filters has an average B.O.D. of 
551.0 p.p.m. (See Figure 3). Of this, 
314.0 p.p.m. are removed by the filters 
and the final settling tanks, which is 
57 per cent of the applied B.O.D. 


Settleable Solids 


As might well be expected of a plant 
with trickling filters, practically all 
the settleable solids are removed. Of 
the average 11.4 ml. per |. of settleable 
solids, 11.18 ml. per ]. are removed. 
This represents an overall removal of 
98.0 per cent (See Figure 4). 


Suspended Solids 


The suspended solids removal has 
also been satisfactory, for of the 781 
p.p.m. of suspended solids entering the 
plant, 730 p.p.m. were removed. This 
gave an overall removal of 93.5 per 
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cent. Of this, 50.2 per cent is removed 
by the grit chambers and 36.3 per cent 
by the primary sedimentation tanks, 
with 7.9 per cent removed by the 
trickling filter and final sedimentation 
tanks. 

The high percentage of removal by 
the grit chambers and primary sedi- 
mentation tanks is attributed to the 
nature of the sewage. The raw sewage 
has enough heavy organic material in 
suspension so that when it becomes 
quiescent in the grit chambers and in 
the primary sedimentation tanks this 
material quickly settles out, removing 
the suspended solids nearly as effec- 
tively as a chemically produced floc. 


Total Solids 


On killing days, during the last three 
years the total solids of the raw sewage 
averaged 2,800 p.p.m. Of this, 1,049 
p.p.m. was removed by the sewage 
plant (Figure 5). This appears to be 
a low percentage of removal. This is 
because the well water used by the in- 
dustries contains nearly 1,000 p.p.m. 
total solids as pumped from the wells 
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FIGURE 4.—Settleable solids content of raw sewage and final effluent. 
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FIGURE 5.—Average solids 
through plant for killing days, 
1947. 


and because a large part of the salt 
and other pickling ingredients used 
by the packing plants eventually 
reaches the sewage treatment plant 
and is not removed by the treatment 
process. Analysis for non-volatile 
solids revealed that there were 1,687 
p.p.m. in the raw sewage and 1,601 
p.p.m. in the plant effluent, which 
shows that only a small part of the 
non-volatile solids are removed by the 
plant. Annually, however, 12,887 tons 
of solids are removed. 

Since the South St. Paul plant is 
relatively small and our operating 
costs are low, the cost per dry ton of 
total solids removed is only about 12.5 
per cent of the average cost at 10 of 
the larger plants in this country. The 
eost at South St. Paul in 1944-1945 
was $3.75 per ton as compared to an 
average of $30.06 for the 10 plants 
studied (Table I). 
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Grease Removal 


At most plants grease removal is 
just another headache, but at the South 
St. Paul plant it is a source of con- 
siderable revenue. During the last 
three years the average annual income 
from the sale of grease has been 
$14,467. In 1940-1941 and 1942, how- 
ever, the flow of grease to the plant was 
much heavier and also of much better 
quality. 

At times in the winter of 1941 and 
1942, as much as 60 barrels of 30 per 
cent grease was skimmed from the grit 
chambers daily. But as soon as the 
packing plants learned that tremen- 
dous quantities of grease were getting 
away from them they redesigned and 
increased the number of grease re- 
moval units and catch basins. These 
devices effectively reduced the flow of 
grease to the treatment plant. This is 
another case where a sewage treatment 
plant has gone a long way toward pay- 
ing for its operation by pointing out 
to the waste producers losses that 
could be avoided. 

When computing the cost per m.g. 
of sewage treated, tons of solids re- 
moved, and tons B.O.D. removed, the 
revenue from the grease was not in- 
cluded. Had it been included the cost 
of treatment per m.g. would be $9.10, 
the cost per ton of solids removed 
would be $2.40, and the cost per ton of 
B.0O.D. removed would be $3.30. 


Sludge Disposal 


All sludge is lagooned. Due to the 
large amount produced annually all 
available space is rapidly being filled. 
Effort has been made to dispose of the 
sludge by promoting its use as ferti- 
lizer and several hundred loads have 
been hauled away for that purpose. 
The amount thus disposed of is only a 
small fraction of the total produced 
annually. At present, the lagoons con- 
tain 50,000 tons (dry weight) of sludge. 
About 10,000 tons is being added per 
vear, 
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Operation—Administration 


The operation of the plant is under 
the direction of a three-man Sewage 
Disposal Commission, created by ordi- 
nance and appointed by the City 
Council. The commission members are 
appointed, with one re-appointment 
yearly. An annual operating budget 
is established, 90 per cent of which is 
paid by the industries served and the 
remaining 10 per cent by the city. 
This is in accordance with a 15 year 
agreement between the industries and 
the city. 

The city’s 10 per cent is raised by a 
sewer rental charge, which originally 
was set at 30 per cent of the amount 
of the individual water bill for the 
quarter ending March 31st of the pre- 
vious year. This 30 per cent has since 
been reduced to a 15 per cent charge. 
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Plant operating personnel consists 
of an operator and helper on each of 
three shifts, one relief man, three 
laborers on the day shift, a chemist, 
and a superintendent. Salaries at the 
present time are: operators—$257.50 
per month; helpers—$211.50 per 
month; and laborers—$1.05 per hour. 

Every preeaution is taken to safe- 
guard the health and life of the em- 
ployees. All are inoculated at three- 
year intervals against typhoid and 
para-typhoid A and B. Safety equip- 
ment is provided in the nature of a 
carbon monoxide detector, a hydrogen 
sulfide detector, a ‘‘ Wolf’’ safety lamp 
for detection of methane gas and warn- 
ing of oxygen. deficiency, two all-pur- 
pose gas masks, one chlorine gas mask, 
safety helmets, dust respirators, gog- 
eles, and complete first aid equipment. 


BARK FROM THE DAILY LOG 
By W. W. MATHEWS 


Superintendent, Gary (Indiana) Sanitary District 


November 1—After being submerged 
with 9.7 in. of rain in October, No- 
vember starts off with a half-inch rain 
which seemed to stir up all the sand 
in the sewer system. As a result the 
north grit chamber became overloaded, 
the grit collectors shut down, and con- 
siderable sand carried over into the 
primary elarifiers, plugging the sludge 
hoppers and even clogging the raw 
sludge suction lines. What a little rain 
ean do! 

November 2—F lushing the raw sludge 
lines occupied most of the day. For 
this reason, practically no sludge was 
pumped to digesters. The north grit 
chamber was drained, the grit shoveled 
into a dump truck and hauled away. 
This wasn’t quite as convenient as 
mechanical removal. Finally got the 


grit chamber back in service but the 
raw sludge lines and primary hoppers 
are not yet cleared of all sand. 





November 3—Professor Galligan and 
28 engineering students from Iowa 
State College visited the plant today. 
Gas production is low and the motor 
driven pumps are in service. The 
outfalls are causing some trouble. One 
connection to the interceptor was found 
to be stopped with sand. An outfall 
flood gate was found partly open, with 
debris which was wedged under it 
during the rain storm preventing 
proper closure. A float control at an- 
other regulator was jammed. Just one 
d—— thing after another! 

November 4—Rain again! Not too 
much today, however, but the ground 
water is so high from last month’s 
rains that infiltration is up, pumpage 
high, and gas production down. These 
rains cost us money! 

November 6—Record day, today! We 
pumped almost 41 m.g. to the plant, 
the largest flow in plant history. 




















Vol. 19, No. 6 


Otherwise, today’s was just another 
rain storm. The grit chambers are 
functioning properly. Also the out- 
falls and regulators. And at last all 
the sand has been flushed and pumped 
from raw sludge lines so that the di- 
gesters are getting sludge again, such 
as it is. Sludge volatile percentage is 
down to 40. 

November 7—Snow and cold for vari- 
ety. Recirculation was started in all 
primary digesters with the hope that 
it will put a little life into the digestion 
process. We need a little more di- 
gester action! 

November 10—The flow seems to be 
getting back to normal. Over 22 mg. 
was pumped during each of the last 
two days. Sand is still causing inter- 
mittent trouble in the raw sludge lines. 
Another regulator float was found to 
be jammed. 

November 11—The low flows of the 
last two days apparently were not in- 
dicative of the actual sewage flow. 
When the jammed float of the regulator 
was released, the flow went to 29.77 
mg. today. The effect of the high 
eround-water level and surface runoff 
is still evident. The B.O.D. of the raw 
sewage is down to 20 p.p.m. Raw 
sludge volatile content is down to 36.5 
per cent. 

November 13—Cleaning of the dif- 
fuser tubes in No. 5 aerator was started 
today. Gas production is up so that 
operation of pumps and air compres- 
sors with sludge gas could be resumed. 
Whether this gas increase is due to the 
recirculation of several days back, de- 
layed digestion, or better sludge, is not 
apparent. Since the first part of Oc- 
tober the graph for pumpage looks like 
a condensed profile of the Rocky Moun- 
tains going up, while that for the gas 
production looks the same, only in a 
reverse direction. 

November 24—All empty aerators 
were filled about two-thirds full to 
protect diffuser tubes against freezing. 
The return sludge lines from the sec- 
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ondary clarifiers were cleaned. A cold 
snap may drop in on us any night. 
November 27—The annual meeting of 
the Indiana Sewage Works Associa- 
tion was held today at Indianapolis. 
Excellent papers were read on ‘‘Selling 
Sewage Sludge,’’ ‘‘ Maintenance of Me- 
chanical Equipment,’’ and ‘‘Sewage 
Treatment as a Vocation.’’ In regard 
to the latter, at times it would appear 
that there must be an easier way of 
making a living! 
December 1—With 3.04 in. of rain in 
November added to October’s heavy 
rainfall, pumpages and treatment re- 
sults varied widely during the month. 
Average daily pumpages ranged from 
18.10 to 40.74 m.g. Suspended solids 
in the final effluent jumped from 1 to 31 
p-p.m., while the B.O.D. varied from 
2.4 to 15.5 p.p.m. Although it might 
appear that the above variations are 
not excessive, they are unusual in that 
they followed no pattern. The best 
results sometimes occurred on days 
when the solids and B.O.D. loads were 
the greatest, with the poorer results 
oceurring with very light loadings. 
The reason for this, as we see it here, 
is the wide variation in pumpage rates 
(not pumpage totals), which varied 
some days from as low as 17 m.g.d. 
to almost 60 m.g.d. Even with the 
rate to the secondary treatment process 
controlled to keep the solids conecen- 
tration in the aerators and the flow as 
near uniform as possible, dilution from 
storm water runoff caused the B.O.D. 
of the raw sewage to vary from 20 to 
317 p.p.m. and the suspended solids 
from 42 to 726 p.p.m. To exaggerate 
slightly, these fluctuations might be 
stated as ranging from no load to full 
load within 24 hours, which is not 
advantageous for producing optimum 
results with the activated sludge proc- 
ess. 
December 2—Number 5 gas engine 
down for an overhaul after 7,744 hr. 
service. When cleaning the diffusion 
tubes of No. 4 aerator, mineral wool 
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was found in most of the tubes. We 
need no insulation there! 

December 5—lInspection of bearings 
and liners on No. 5 gas engine showed 
little wear. All liners were found to 
be smooth and shining. This was a 
welcome discovery. 

December 6—The transfer pipes in the 
multi-digestion system are acting up 
from too much sand. Two mainte- 
nance men worked on them until mid- 
night. When these transfer pipes are 
not working the results are immediate 
and objectionable! The corresponding 
primary digesters  overflo unless 
checked promptly. 

December 10—Pumpage has been de- 
ereasing for the past two weeks indi- 
eating a drop in ground-water level, 
with less infiltration. Controlling sol- 
ids in the mixed liquor is much simpler 
with the flow stabilizing around 20 to 
22 m.g.d. than with it varying up to 
30 m.g.d. 

December 14—A sharp drop in to- 
day’s flow, from 20.3 m.g.d. to 10.4 
m.g.d., indicated that something had 
happened. <A quick check of all out- 
falls showed that a cable had broken 
on one of the regulators causing all 
sewage at that location to discharge 
to the river. Following the cable re- 
pair, the flow came back to normal. 
December 17—A new scheme for 
clearing a stopped raw sludge line was 
tried today. The main suction header 
for the four primary clarifiers termi- 
nates in a cross, flanged on the open- 
ing opposite the run of the header. 
When this flange was removed the 
line was found to be stopped with sand 
and sludge. In blowing out the line 
the mixture was allowed to drop onto 
the floor of the pipe gallery. This 
made a mess but it affords quick line 
clearance. Some improvement to clean- 
ing the floor with shovels and brooms 
will have to be worked out later! 
December 18—Flushing of the raw 
sludge lines yesterday permitted nor- 
mal sludge pumping to the digesters 
today and the bugs promptly re- 
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If fed, they 


sponded with more gas. 
will really produce! 
December 23—-Bill Lauer of the Dorr 
Company was here today, checking 
on equipment. Fortunately, Bill is a 
genial guy, as a rule. Pays to keep 
him that way too, for he used to be a 
sparring partner for a heavy weight 
champion. One of those cold winter 
rains came down last night and over 
30 m.g. is running through the plant 
today. This was a flash storm and ap- 
parently has had little, if any, effect on 
the treatment process. 

December 27—After a 10° drop, the 
temperature today leveled off to about 
30° F. The freeze reduced the flow 
considerably. The first icy pavements 
of the winter came with the tempera- 
ture drop but the plant benefited from 
the decreased flow. 

December 31—After several days of 
freezing weather the flow is now just 
under 20 m.g.d. and the plant is coast- 
ing at this rate. December, taken as 
a whole, was a good winter month for 
the sewage treatment process with less 
than one inch of rainfall, receding 
ground water, and gas production ac- 
celerating the latter half of the month. 
We end the first calendar year of op- 
eration in good shape with nothing 
in particular requiring special atten- 
tion. The plant functioned properly 
with the final effluent carrying 8.2 
p.p.m. of suspended solids and 8.8 
p.p.m. of 5-day B.O.D. (annual aver- 
age), with corresponding reductions of 
96.1 and 94.3 per cent. Naturally, 
there will be many problems to solve 
during the coming year. 

January 1—Happy New Year! The 
temperature rose to above freezing last 
night, so we are starting the New Year 
off with a little rain. Not enough to 
worry about—yet! 

A visual record of operating statis- 
ties has been of great assistance in 
noting trends in the treatment process. 
It should prove helpful for any type 
plant. A ruled sheet covering the year 
by month and days, with the ruled 
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portion about 10 by 14% in., is used 
and ean be obtained from any supplier 
of engineering drawing materials. On 
this flow sheet, reading from the top 
to bottom, is plotted: total lb. of solids 
pumped to digesters; total lb. of vola- 
tile solids pumped to digesters; daily 
gas production; gal. of spent pickling 
liquor discharged to sewers (this is 
shown in red with length of line in- 
dieating 2,000, 3,000 or 6,000 gal. or a 
combination of the totals) ; pH of raw 
sewage and mixed liquors; sewage 
flow in m.g.d.; and daily rainfall in 
inches. 

On a second sheet are plotted: 
blower pressure in p.s.i.; cu. ft. of air 
per gal. of sewage; D.O. of the final 
effluent; D.O. at effluent end of the 
aeration tanks; per cent reduction in 
B.O.D.; per cent removal of suspended 
solids; B.O.D. of the raw, clarified, 
and final effluent. 

A third sheet has on it: maximum 
and minimum daily temperatures; 
sludge index; mixed liquor solids, in 
p.p.m.; return sludge solids, in p.p.m.; 
and the per cent volatile solids in the 
mixed liquor, clarified sewage, raw 
sewage, and raw sludge. 

These sheets are mounted in card- 
board folders to keep them clean and 
to protect them from damage since 
they are used at least once a day and 
sometimes several times each day. 
They can be lined up for convenience 
in checking ‘‘across thé board.’’ Any 
trend or variation that may effect the 
treatment process is instantly ap- 
parent. 

In addition to the plotted record, 
two control sheets are made up each 
month on 81% by 11 in. computation 
paper. These are in: addition to the 
log sheets and the forms on which re- 
ports are made to the State Board of 
Health. These control sheets contain 
all the data from which the graphs are 
plotted and additional information 
about the return sludge. 

The plotted records plus the control 
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sheets give a complete picture of the 
treatment plant operation for any day 
or for the year, up to the current date. 
Lest anyone think that these records 
require considerable time to maintain, 
be assured that the most time is taken 
in laying out the sheets for the curves 
and in lettering the various side head- 
ings. Not over 5 min. a day is re- 
quired to keep the graphs up to date. 
The control sheets are filled in by the 
chemist in the laboratory as he com- 
pletes the daily log sheets. These 
control sheet notations probably do not 
take over 5 min. of time. At the end 
of each month average lines are drawn 
in for those items which are watched 
closely and these serve to indicate 
seasonal trends. 

A daily inspection of the various 
tanks and samples along with a study 
of the graphs and control sheets has 
been of material assistance in control- 
ling our plant operation. 

January 2—On the 12 mo. to 8 a.m. 
shift grit came into the plant at such 
a high rate that the grit collector shear 
pin was broken and the grit chamber 
filled about half full of grit. All 
available labor was used in shoveling 
out grit until the collectors could be 
started again. Back to normal at 
10.45 A.M. 

January 4—The temperature dropped 
to 3° below zero this morning. From 
vesterday’s 155, the sludge index 
jumped to 315. No apparent reason 
could be found for this marked change. 
The flow, suspended solids, and air per 
gal. were all normal as compared to 
previous days. No bulking was noted 
in the final tank. The plant effluent 
contained only 4 p.p.m. of suspended 
solids and 3 p.p.m. of B.O.D. The 
D.O. at end of the aeration tanks was 
4.6 p.p.m., and 7.4 p.p.m. in the plant 
effluent. Whatever has caused the high 
sludge index hasn’t hurt the plant 
operation—yet ! 

January 5—The sludge index dropped 
back to a normal 169 today, and the 
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final effluent continued low in solids 
and B.O.D. Temperature low of 8° 
below zero last night! 
January 6—The cold wave is really 
here! Water pipes in laboratory froze 
this morning as result of the 9° below 
temperature. The weather hasn’t hurt 
the treatment process but it is hard on 
the outside operators. 

January 8—After two nights of sub- 
zero weather, the sludge index really 
soared today, reaching 410. Again, all 
other steps in the treatment process 
show normal conditions. Nothing like 
this last winter. A large question 
mark is indicated! 

January 17—Everything has been 
quiet for the past few days but today 
a small fountain appeared in the lawn 
near the aeration house. Excavation 
uncovered a loose coupling on a flush- 
ing line, which was easily and quickly 
fixed. 

January 31—Rain changing to snow 
at 2:00 a.m. A heavy runoff, with the 
three sewage pumps on almost all night 
pumping at a 55 m.g.d. rate! Total 
for day, 31.59 m.g. 

February 1—January was a very sat- 
isfactory month with only 1.48 in. of 
precipitation so that the pumpage av- 
eraged 18.22 m.g.d. Following the on- 
set of cold weather, the sludge index 
never was below 290 and reached a 
high of 583 on the 24th. The daily 
average, 8th to 31st inclusive, was 429. 
Treatment results did not reflect the 
high index, for the monthly averages 
for susended solids and B.O.D. in the 
final effluent were below 10 p.p.m. A 
careful study of all factors affecting 
the treatment process showed that, 
with the exception of the sludge index, 
these varied less than in any previous 
month. With this fact established it 
would appear that the low tempera- 
ture prevailing during the month was 
the contributing factor. This problem 
ealls for further study. 

February 8—The past four days dem- 
onstrate how floods occur. Starting 
with the frozen ground partly covered 
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with snow and a 0.18-in rain on Feb- 
ruary 4th, the daily precipitation for 
the next three days was 0.31, 0.82, and 


1.21 inches. As a result sewers were 
surcharged and basements flooded. In 
some places streets were flooded to such 
an extent that the water ran into homes 
through the basement windows, put- 
ting out furnace fires. One street in 
particular was so completely sub- 
merged that the sewer department re- 
moved the manhole covers to get rid of 
the water as quickly as possible. 

With a combined sewer completely 
filled, the regulators diverted so much 
of the storm flow to the river that the 
daily pumpage at the plant was not 
as great as during moderate storms. 
The type of storm that raises the 
pumpage rate the most is a long, sus- 
tained, light rain that fills all of the 
sewers about half full. The flow is 
not great enough to cause the regula 
tors to close and all the water that 
reaches the main interceptors has to be 
pumped. 

On the evening of the 7th when 
things seemed to be getting under con- 
trol, grit began to pour into the plant. 
The grit remover again was overloaded 
and put out of commission. Called out 
the crew to shovel grit and since it was 
Saturday no one was_ particularly 
happy about it! 

February 10—<As an aftermath of the 
flood, the drainage ditch outlet for the 
small trickling filter plant serving 
Miller community, a suburb of Gary, 
rose, completely submerging the sec- 
ondary clarifier and flooding the main 
sewer so that it was necessary to shut 
down the plant. All the low land in 
this area is now covered with water. 
The rain- and flood water of the last 
few days have started the same old 
operation cycle again—the light vola- 
tile solids are diverted to the river and 


our gas production takes its usual 
nose dive. 
February 13—The plant operator 


called at 9:30 p.m. about the gas 
engines, which were running unevenly. 
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Out to the plant with our chief opera- 
tor. We found that the gas header, 
scrubber, and drip pockets had not 
been drained completely and the gas 
could not flow in usual volume to the 
engines. After draining the equip- 
ment properly, everything again ran 
smoothly. When a job isn’t done 
right, trouble always follows! 
February 20—Because of low gas pro- 
duction, we rolled out the old standby 
steam road roller and started steam 
into digester No. 2. It’s been just 
about a year since it was used for the 
same purpose. Does this (1941) pre- 
date Rawn’s experiments with steam 
for heating digesters? An old steam 
road roller is mighty handy to have 
around sometimes! 

February 26—Snow flurries and a 22° 
above temperature. The return sludge 
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pipe from No. 7 secondary clarifier 
clogged today and it was a cold job 
getting this tank back into service. 
Not so much the work as the wind and 
snow. 

March 1—February was one of those 
months. Not from the treatment 
standpoint, for this was quite satis- 
factory. Sludge indices dropped from 
the high level of the previous month. 
There were only six days when the 
index was above 300. Complaints 
about flooded basements were numer- 
ous and these wear one down when 
they are being reported from morning 
until night. The Sanitary District 
has nothing to do with local sewers but 
when people are desperate and do not 
know where to call, they just will call 
the plant. Well, perhaps March will 
be more peaceful ! 


SEWER MAINTENANCE IN SMALL CITIES * 


By Don C. Davis 


City Engineer and Manager of Publie Works, Turlock, Calif. 


In the maintenance and operation of 
small city sewer systems it is necessary 
first to take a critical look at the muni- 
cipal organization, find its faults, cor- 
rect aS many as possible, and make 
the best of those which cannot be con- 
trolled. 

In the first place, the departmental 
head is usually a man who, like the 
country doctor, must qualify as a gen- 
eral practitioner and who must be 
competent to supervise not only sewer 
maintenance but also plant operation, 
water supply and distribution, street 
repairs, and be the leaning post for 
all other departments in the city. In 
order to do this kind of a job well, a 
man must be a practical, walking en- 
eyelopedia, which is impossible. So oc- 


* Presented in the Operators’ Forum, 20th 
Annual Meeting, Federation of Sewage Works 
Associations; San Francisco, Calif.; July 21- 
24, 1947. 





casionally something must be neglected 
and entirely too often that something 
might be the sewer system. When 
sewer maintenance is considered seri- 
ously, however, it is found to be a sub- 
ject replete with many wonderful and 
interesting phases. 


Sewer Cleaning Practices 


The most obvious item of sewer 
maintenance is cleaning. In this, the 
first consideration must be—‘‘when,’’ 
even before the ‘‘how’’ of cleaning is 
decided. The character of sewage, the 
flatness of sewer grades, the condition 
of mains and laterals, and weather con- 
ditions are some of the things which 
dictate frequency of cleaning. 

Generally speaking, in a good sewer 
system once-a-year cleaning is suffi- 
cient. Perhaps a good flushing is all 
that is necessary, but dragging with 
a coil or brush, or both, is more fre- 
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quently indicated. If in the construc- 
tion of sewers good practice was fol- 
lowed and if an adequate plumbing 
ordinance is well enforced, cleaning 
once a year is about all that should be 
needed. 

Since the millennium probably will 
never arrive for the sewer maintenance 
man, he must contend with joints and 
eracks which encourage growth of roots 
inside of the sewers. At Turlock in- 
flows of sand occur both through sewer 
joint and manhole cover openings, from 
inadequately policed wash racks, and 
from industries. Sludge deposits build 
up which almost invariably lead to 
odor complaints. 

Maintenance records provide the only 
adequate answer for knowing when to 
clean sewers before complaints start 
arriving. How ean the required fre- 
quency of cleaning be estimated unless 
the cleaning which has been necessary 
in the past is known? Each foreman 
ean be furnished daily report forms 
and instructed to record the work done, 
the time and date, the conditions found 
and the material renioved, and whether 
the cleaning was routine or in answer 
to a complaint. See to it that such re- 
ports are turned in daily, or confusion 
will result. Even in a small town the 
use of such records is advisable be- 
cause all too many wrong diagnoses are 
made when foremen try to rely entirely 
on memory. 

Intelligent use and periodical analy- 
sis of these reports will readily show 
where the bad spots of a sewer sys- 
tem are, will indicate what the trouble 
is, and, more often than not, will point 
out some indication of what to do to 
correct the trouble. Unless the main- 
tenance costs of a given length of sewer 
pipe or a pump station are known, how 
ean it be determined what expenditure 
will be justified to correct a given con- 
dition? No municipal accounting sys- 
tem is broad enough to give such de- 
tailed information. Only the sewer de- 
partment can conveniently keep such 
records. Along with such reports a lib- 
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eral use of city maps should be made 
upon which have been placed the sewer 
lines and other pertinent information. 

Most sewer cleaning in small cities 
is a seasonal job, usually done in the 
spring and the fall, and usually during 
those periods when water and street 
work is not so pressing. At times there 
is a tendency to permit those municipal 
functions having physical plant which 
can be seen to take precedence over 
such unseen things as sewer lines. 
Since this attitude is particularly true 
of the elective officials, it is up to the 
sewer superintendent to get his work 
done before nuisances develop because 
of stoppages or bad odors. If the gen- 
eral public never has to realize the ex- 
istence of the public sewer, then it can - 
be assumed that the sewer superintend- 
ent has done a good maintenance job. 

The man in the sewer should be 
taught to know his equipment, both 
what it can do and what its limitations 
are. Many sewer rods of all types have 
been broken and sewers have been dug 
up to retrieve lodged tools simply be- 
cause the man in charge failed to in- 
struct his men in the proper use of 
such tools. 

One other point deserves mention. 
Just because a particular type of tool 
has been used for years with supposedly 
satisfactory results is no reason to be 
smug in the opinion that another type 
of tool might not do some of the work 
better. There are several cleaning 
tools on the market and it behooves the 
sewer superintendent to get the type 
or types best suited to his own city’s 
peculiar requirements. When purchas- 
ing new tools and equipment, insist, as 
a condition of purchase, that a quali- 
fied operator instruct your own crew in 
their proper operation. Entirely too 
many salesmen make the sale of a piece 
of equipment and then let the pur- 
chaser worry about how to use it. 


Control of Sewer Construction 


In speaking of maintenance of sew- 
ers in the small city, it is desirable to 

















Vol. 19, No. 6 


touch on sewer construction if the com- 
plete picture of maintenance is con- 
sidered. Men from the larger com- 
munities may believe that construction 
has no place in maintenance programs 
but all small town maintenance men 
know better. Why? Because they not 
only maintain but also construct 
sewers, sometimes, unfortunately, in the 
same manner. When maintenance 
work is spotty and inadequate, con- 
struction is also carelessly performed. 
Fortunately, however, a good mainte- 
nance crew can usually do good con- 
struction work. Such things as good 
design and sound construction of sewer 
lines can lighten the burden of the 
maintenance man, but jobs not well 
conceived nor well executed can result 
in many hours of unnecessary mainte- 
nance work, 

In Turlock municipal employees put 
in all minor sewer extensions as well as 
some other construction work, and usu- 
ally do some of the larger jobs also. 
Generally when a big job comes along 
and the city fathers employ consult- 
ants, the loeal sewer superintendent 
usually still gets in on the job. Too 
many times after a sewer system or a 
major extension has been carefully de- 
signed, with due consideration taken 
fér all the factors such as volume of 
flow, type of sewage, available slope, 
ete., a contract is awarded and an 
agreement made with the couneil for 
the employment of a local inspector. 
This local inspector frequently is a 
local employee or sometimes may be a 
local man highly trained by political 
experience. The job is then abandoned 
to said inspector. Not all consulting 
engineers are guilty of this practice 
but.it has occurred many times, par- 
ticularly in the very small cities where 
a city engineer is not regularly em- 
ployed. 

When a job is done by contract the 
quality of the work is as good as the 
contractor is willing to give. When it 
is done by the local maintenance chief 
or sewer superintendent the job is as 
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eood as he has time to devote to it. 
Often the same old sand-cement joint- 
ing material is used, and grades are 
established by eye, or at best by a ear- 
penter’s level. An inch or two seems 
close enough. If the local plumber is 
employed, he usually gets it further off 
than that. 

What should be done about it? 
First, let-the sewer superintendent con- 
sider the following: 


1. Type of Pipe. The type of pipe 
most commonly used, of course, is salt- 
glazed vitrified clay, particularly in 
the small sizes. Unglazed sewer pipe 
is now being promoted as being satis- 
factory for normal usage. Sometimes 
spun cement or machine-made cement 
pipe is used. While economy is the 
keynote here, local experience will dic- 
tate the wisdom of using such pipe. 
Some communities which are fortunate 
in having a soft water supply can 
satisfactorily use cement pipe. Those 
cities with a hard water supply, how- 
ever, particularly if it is high in sul- 
fates, should play safe and use the clay 
pipe. 

2. Slopes. In many cities, particu- 
larly those in the interior valleys of 
California, it is frequently impossible 
to get adequate grades sufficient to de- 
velop self-cleaning velocities without 
the necessity of installing lift stations. 
A long, flat sewer with low flow ve- 
locity can and generally will produce 
hydrogen sulfide, with resultant odor 
complaints which make frequent clean- 
ing necessary. In the warmer parts of 
California this trouble is common and 
is most noticeable during the long, 
warm, summer evenings. 

One of the toughest jobs the sewer 
man has, when it comes to deciding 
between lift stations and very flat 
slopes, is to convinee the city officials 
that lift stations are not an unneces- 
sary burden and, if well designed, are 
not particularly expensive to operate. 

3. Jointing Materials. Sand-cement 
mortar joints laid in a 16-in. line in 
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1916 and recently uncovered by new 
construction work showed almost all 
joints to leak seriously. Since this line 
lies below the normal ground water 
level, the infiltration must have been 
considerable, particularly during pe- 
riods of low flow. In those areas ad- 
jacent to trees, shrubs, alfalfa, and 
other plants, root trouble was prevalent 
in this line. 

Another line constructed in 1928 
with neat cement caulked into the 
joints showed very little leakage when 
uneovered except at those points where 
mechanical damage had resulted from 
soil movement. Root trouble was neg- 
ligible except at these points. 

Poured asphalt mineral-filler joints 
have a very good record but here again 
roots have been known to enter the 
joints, mostly where adherence was 
not sufficient between the jointing ma- 
terial and the vitrified clay. The only 
roots which have been reported as 
entering this type of joint material 
are those of the athel tree, a species 
native to the desert areas of California 
and Arizona. 

The sulfur-base compounds are a 
rigid-type joint material having about 
the same qualities found in the neat 
cement joints. 

The coal-tar and mineral-filler com- 
pounds are too recently developed to 
permit definite conclusions. It is un- 
derstood that the biggest objection to 
their use is the higher heat required 
for handling. 

In considering all available sewer 
jointing materials, no material has 
been found to be perfectly satisfactory. 
The best one to use probably is the 
one the maintenance men have become 
expert in placing. Sand-cement joints, 
however, should be ruled out regard- 
less of the circumstances. 

Sewers have been laid without any 
jointing material. In Turlock it is 
now necessary to relay an estimated 
1,200 ft. of 8-in. vitrified clay pipe be- 
cause some years ago a contractor was 
permitted to lay this line without both- 
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ering to install jointing material. It 
was reported that shortly after installa- 
tion this line began to produce a re- 
markable amount of sand. This ap- 
parently did not bother anyone very 
much until recently when a rather 
large piece of pavement broke off and 
fell into a erater right after a loaded 
truck passed over. 

Exploration of this crater showed 
that no jointing material whatever had 
been used although the pipe was in 
perfect condition. The soil is of a very 
sandy nature so the sand had been 
infiltrating through the joints for these 
many years. The relaying of this pipe 
at a cost of at least three times the 
original eost is apparently the only 
answer. 

4. Installation. Never permit con- 
struction work to proceed without first 
having it laid out by a competent en- 
gineer or surveyor. Then check the 
work frequently to see that the engi- 
neer’s grades are faithfully followed. 
If this appears to be an unnecessary 
precaution it is only because some 
small city construction crews have 
never been observed in operation. 

Here again records are most neces- 
sary. It is advisable to have a sur- 
veyor locate the structures and wyes 
when the job is done and enter the 
locations on the record plats. Usually 
the foreman on the job is a graduate 
laborer, which is very much to the 
man’s eredit but rarely endows him 
with the type of ability required to 
make careful and accurate . measure- 
ments. 

Practically all small cities have spent 
much more money relocating unre- 
corded or inaccurately recorded sewer 
lines and wyes than the foremen on the 
jobs are aware of or are willing to ad- 
mit. 

All of the foregoing construction de- 
tails and experiences have been dis- 
cussed simply to emphasize that a well 
designed and well constructed sewer 
line is the easiest solution to any 
maintenance problem. Since the main- 
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tenance man is usually the man who 
constructs many minor extensions, and 
occasionally even larger ones, he should 
be well versed in the latest and best 
construction methods and materials. 


Adequate Plumbing Ordinance 
Important 


Next to good construction, the most 
important item of preventive mainte- 
nance is a good plumbing ordinance, 
well enforeed. All the plumbing sys- 
tem, and particularly the house serv- 
ice connection, must be considered a 
definite part of the sewage collection 
system. A well written plumbing ordi- 
nance will assume this to be true. It 
will provide for root-proot construc- 
tion, well trapped and vented fixtures, 
adequate cleanouts, and, most import- 
ant of all, will prohibit the discharge of 
objectional materials to the sewer sys- 
tem. 

The types of materials to be pro- 
hibited from entering the sewer will 
depend not only on the type of pipe 
and the slope of the sewer but also on 
the treatment plant, its capacity, and 
the process method employed. But no 
ordinance is any better than its en- 
forcement. Therefore, the plumbing 
inspector and the sewer maintenance 
man should be on the most friendly 
terms. Objectionable materials found 
in the sewer during cleaning operations 
should be reported immediately to the 
plumbing inspector. The inspector in 
turn should locate and eliminate the 
source of such material. If the in- 
spector fails to do this, then the sewer 
maintenance man is going to have to do 
it himself. 


When any town adopts a revision of 


its plumbing ordinance the sewer sup- 
erintendent should insist on his right to 
review those portions which have to do 
with or which may affect the sewer sys- 
tem or sewage treatment plant. One 
of the most important of these con- 
cerns house connections. Most cities 
rightfully and logically prohibit any- 
one other than city employees from 
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installing these services between the 
city sewer and the property line. It 
has been the experience in Turlock 
that the most vulnerable spot in the 
Wnole sewer system, as far as root 
trouble is concerned, is at the connee- 
tion of the house service with the main 
sewer. Almost any good workman can 
inake a joint where there is a wye al- 
ready in place but cutting through 
the pipe wall and placing a saddle or 
installing a new wye is a job for an 
expert and should be done by the man 
who best knows how. This man is 
not the plumber but the city employee, 
trained by his boss to do the job right. 
Even then the job should be checked 
by the inspector as a matter of policy, 
to insure careful work at all times. In 
addition, poured joints rather than ee- 
ment mortar joints should be required 
by ordinance so that the joint will be 
as root proof as possible. It is usually 
much more difficult to remove roots 
from house services than from sewer 
mains. 

Few city ordinances will permit the 
connection of rain water leaders to 
sanitary services except in those places 
where the sewers are combination sani- 
tary and storm. Yet many of these 
same cities which prohibit such con- 
nections will construct storm water 
inlets from the streets to the sanitary 
sewers. This, of course, is always con- 
doned as a temporary expedient but it 
behooves the sewer superintendent to 
be vigilant and to wateh the street 
superintendent. Also he should re- 
nove existing storm water inlets as 
fast as it is practical to do so, 


Conclusions 


If all the precautions indicated by 
good design and good construction 
methods are followed and a _ good 
plumbing ordinance is enforced, noth- 
ing more than routine flushing and 
cleaning of sewers should be necessary. 
That, however, would be perfection and 
no city, regardless of size or number 
of employees, has ever constructed the 
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perfect sewer system. Accordingly, 
roots, sand accumulated sludge, odors, 
sticks, and stones will always be a prob- 
lem and constant vigilance and much 
hard work too often will be the lot of 
a good sewer maintenance man. 


DISCUSSION BY A. SEGEL * 


The problems involved in the main- 
tenance of sewers in the smaller cities 
of California are much the same fun- 
damentally, but with some variations 
due to location, type of industries, and 
the design of the system itself. Mr. 
Davis, and others, have spoken of some 
phases of maintenance and operation, 
some of which are to be encountered 
in nearly every community. 

The city of Fresno has its share of 
the usual problems. The sewers in the 
downtown area, where there are no 
trees, require cleaning about four times 
a year. This is due to the sand and 
oil from service station wash racks 
and grease racks, together with grease 
from restaurants and hotels. In one 
ease recently, approximately 150 Ibs. 
of caked grease was removed from one 
400-ft. block of sewers. All of the 
house sewers of these business places 
are equipped with sand and grease 
traps, as required by ordinance. 

Someone will immediately mention 
that this difficulty can be remedied by 
rigid enforcement of the intent of the 
ordinance, which is true. Enforcement, 
however, is difficult. There are several 
ways whereby a trap can be kept in 
continuous operation without anyone 
going near it with a shovel and bucket. 

In the industrial area sewers are 
partially clogged by the combination 
of fine sand with the pulp and seed 
from fruit packing concerns and win- 
eries, which forms a hard eake or 
layer in the pipe. The washing of the 
fine sand from raisins is now under 
much more rigid inspection by state 
food inspectors than was the case about 
two years ago. Consideration is now 


* City Engineer, Fresno, Calif. 
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being given to an ordinance governing 
the pre-treatment of industrial wastes 
before discharge to the city sewers. 

The tree-root problem in the residen- 
tial area is an ever-present one. Some 
of the sewers are in right of ways with 
trees almost directly over the lines. 
Cement joint material is being used; 
the development of the new tar-base 
jointing compound now on the market 
is being watched with interest. 

Another item of maintenance has re- 
sulted from the millions of cockroaches 
which appeared in the Fresno sewer 
system. Having observed the mass mi- 
gration of bugs and insects in the Mid- 
dle West, there should be real concern 
as to the effects on the publie should 
these bugs suddenly decide to go else- 
where, en masse. There is also the 
health angle involved in the possibility 
of these roaches entering dwellings by 
means of vent pipes, especially where 
there are no traps on the house lateral. 
At Fresno these roaches have been 
practically eliminated, for the present, 
by spraying the manholes with ‘‘ Roach 
Doom,’’ a product especially designed 
for this purpose. Two applications 
were required, separated by an inter- 
val of about ten days. 

It is not anticipated that the installa- 
tion of sewers in curved and winding 
streets will offer any particular diffi- 
culty, even though the sewers are laid 
parallel with the center lines of the 
streets. These curves, as a rule,, are 
not sharp so the sewer cleaning equip- 
ment should work equally well on these 
lines. There are several advantages 
gained by laying the sewers on a curve 
which more than offset the disadvan- 
tages of not being able to lamp from 
one manhole to the next for inspection 
purposes. These advantages are chief- 
ly in the reduced number of manholes 
and also in the fact that the sewer lines 
are placed parallel with water and gas 
mains instead of crossing them at acute 
angles, causing difficulties in trenching. 

Sewer cleaning equipment used in 
Fresno is somewhat different from that 
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employed in most places. A collap- 
sible canvas umbrella or parachute 
mounted on steel ribs or stays is forced 
through the sewer under water pres- 
sure. The parachute carries a steel 
cable and forces the sand and other 
matter ahead to the next manhole. If 
further cleaning is necessary, a stiff, 
steel brush larger than the pipe di- 
ameter is attached to the rear end of 
the cable. This brush is followed by 
a swab attached about 5 ft. behind the 
brush. The swab consists of a perfor- 
ated disk, made of heavy belting, which 
forms a cutting or seraping edge 
against the wall of the pipe. This com- 
pletes the operation in normal cases. 

Oceasionally sewer cleaning crews 
are faced with unusual circumstances, 
and such was the case last’year. In 
1916 a cast-in-place 46-in. concrete 
storm sewer with a 48-in. sanitary 
sewer directly below was installed in 
a street. In making repairs to a man- 
hole leading to the lower section of the 
large main it was discovered that an 
8-in. gas main entered and crossed the 
storm sewer section a little above the 
center. This condition was unexpected 
and not according to best practice, but 
upon entering the 46-in. storm sewer 
to work on the removal of the gas line 
it was found that a 12-in. vitrified clay 
pipe sanitary sewer also crossed the 
storm sewer at about the center. Thus, 
for 30 years the cross-sectional area 
of the overloaded storm sewer had been 
impaired and restricted approximately 
30 per cent. 

Venturing an explanation it is pos- 
sible that the contractor intended to 
cut the 12-in. sewer into the lower 
sanitary section of the main sewer after 
the main sewer was completed, but that 
the matter was forgotten. Fortunately, 
no stoppage has occurred at this point 
during the long interval of time. 


OPEN DISCUSSION 


Mr. Harvey W. House, Research En- 
gineer, Pacific Coast Clay Products 
Institute, Los Angeles, Calif.: Some of 
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you may recall that we discussed this 
question of roots a year ago at the 
Calif. section convention, and in view 
of the fact that Dr. Davis and Mr. 
Segel have mentioned the importance 
of this matter it seemed appropriate to 
mention to you that we have been con- 
tinuing work on this problem of a hot- 
pour compound for sewer pipe joints. 
The results which were reported in the 
paper published last March seemed to 
have been confirmed during the past 
year in our test lines. These conclu- 
sions were that if the compound was 
used in accordance with the specifica- 
tions, known as CPI 2, it keeps out the 
roots under most conditions. 

The only thing I wish to mention 
here, however, is that we have found 
that there is a serious detriment to 
the tightness of the joints if the joint 
is poured when the pipe is moist or 
wet. In past years certain manufac- 
turers of hot-pour compound have 
viven the impression that because the 
compceand was hot it could be relied 
upon to separate the water in the pipe 
and thus make a tight joint. That is 
not true. The matter of greatest im- 
portance in these hot-pour joints is the 
adhesion between the compound and 
the pipe, and we find that adhesions 
have seriously weakened if the pipe is 
even moist. We regret that that is 
so because it imposes a rather serious 
difficulty in the use of hot-pour com- 
pound. 

Various efforts are being made, how- 
ever, to overcome that. We are now 
engaged in a program of research on 
various priming agents, because we 
have found that if the pipe is primed 
when dry, the joint can subsequently 
be poured when the pipe is moist and 
still get a tight joint. We are not 
ready to come out with a practical so- 
lution of that because we want to make 
a longer test. 

In conclusion, I would simply like to 
say that while the Institute doesn’t 
feel it has all the answers, we have 
made a good deal of progress, and if 
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any of you are interested in this prob- 
lem and wish at any time to get the 
latest information as far as our re- 
search has developed it, you may com- 
municate with either the manufacturers 
in your local territory, or directly with 
me, at my laboratory in Los Angeles. 
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In that way I can give you the benefit 
of our knowledge as we have developed 
it up to the latest moment. 

I say this because the subject is de- 
veloping so rapidly that at any given 
week we are likely to know more than 
we did the week before. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


ConbDUCTED BY LERoy W. Van KLEECK 


You never learn anything by saying 
over and over the same thing. 


Attention operators! 


| Journal. 


—Erich Maria Remarque 


It will be appreciated if copies of all annual reports of both large | 
and small plants are sent to the Federation office for abstracting ir this section of the 
Carbon copies of typewritten reports will be promptly returned on request. | 
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Please direct annual reports to: Federation of Sewage Works Associations, Room 325, 


| Illinois Bldg., Champaign, III. 


= 


Fifteenth Annual Report on the Sewage Treatment Plant of the Aurora 
Sanitary District, Aurora, Illinois for the Year 1945 * 


By WALTER SPERRY, Superintendent 


Operation of Generator Engines Saves 

Money 

Had we purchased power, the total 
operating cost would have been $34,152 
in place of the $29,494 reported herein. 
This was a reduction in plant costs due 
to plant-produced power of 15.6 per 
cent. 


The District Loses a Good Man 


One of the peculiar incidents was 
the resignation of Mr. Fred Schur, a 
very excellent man, who resigned with 
regret due to a _ peculiar physical 
condition which apparently could not 
be controlled even under a doctor’s 
supervision. His nervous system was 
such that in the presence of ‘slight 
local odors around the plant he con- 
tinuously vomited. This was an old 
complaint. Working around the barn 


* For last previous extract see THIS JouR- 
NAL, 18, 4, 742 (July, 1946). 


in the morning and at butchering time 
on the farm caused similar reactions. 
Apparently little could be done about 
it in the way of medical aid. We lost 
a good man. (Abstracter’s note: This 
abstracter knows of several cases at 
the larger plants in Connecticut where 
new men reporting were unable to 
stick-it-out, as it were, for more than a 
few days. All of which seems strange 
indeed to those of us who can eat a 
sandwich with one (clean) hand and 
rake the bar sereen with the other.) 


Garden Harrow Removes Weeds 


During a visit with Superintendent 
Mott of the Iowa City, Iowa plant an 
interesting stunt to control weeds in 
sludge beds was picked up in the use 
of a wheeled garden hoe with long 
eutter blades. If the beds are gone 
over with this tool when the weeds are 
small, the weeds are quickly and ef- 
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fectively eliminated. We found the 
scheme worked well at Aurora. (Ab- 
stracter’s note: Wheel harrows adjusted 
to cut under the surface of the sand 
about 14 inch have also proven very 
effective and rapid weed removers at 
several Connecticut sand filter plants. 
They also break up the hard crust of 
sewage solids and delay the need of 
cleaning the beds. A home-made har- 
row consisting of a single suspended 
metal bar between two wheels makes a 
very effective device.) 


Gas Engine Operation 


The two 75-hp. pump engines went 
into their ninth year of operation in 
1945. The two 50-hp. gas engine gen- 
erator units went into their fifth year 
of operation in 1945. It has been the 
Aurora practice to completely over- 
haul all four engines annually in the 
spring of the year by regrinding 
valves, thoroughly cleaning oil ports, 
and checking for defective parts, in- 
eluding spring replacements as needed. 
Ordinarily rings are replaced every 
other vear. 


Grit Removal from Digester Proves 
Worth While 


One of the interesting developments 
in digester problems occurred in De- 
cember, 1945. Two-stage digestion had 
been in operation ten years. For this 
ten-year period the first-stage digester 
had never been disturbed or the di- 
gester discharged to the beds. In De- 
ecember there occurred a decided drop- 
off of gas production indicating poor 
digestion. An examination of the di- 
gester indicated that there was a very 
considerable accumulation of com- 
pletely inert material, part of which 
was found piled up on the square 
corners at the bottom and part of it 
was undoubtedly in the heavy layers 
in the scum material at the top, since 
this digester had no scum arm operat- 
ing and is not provided with any cir- 
culating device either internally or 
externally. Material sampled from the 
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bottom ran as high as 15 to 20 per cent 
solids almost devoid of volatile matter. 
This indicated that during the ten 
years of operation a very considerable 
volume of the digester was filled up 
and rendered completely inactive. It 
sharply pointed to the need of com- 
pletely discharging and cleaning the 
digester and starting over. 
Anticipating the 1946 Annual, it 
might be briefly stated here that this 
clean-out was accomplished in 1946 and 
that the operating results following 
cleaning and restarting were vastly 
different. The per cent of gas, for in- 
stance, produced in first stage in De- 
cember, 1945 was but 43 per cent 
whereas in December of the preceding 


TABLE I.—Summary of 1945 Operating Data, 
Aurora (Illinois) Sanitary District 


Item Average 
Population SeLVed tis iccceesaess 51,000 
Administration and operation cost ($) 36,435.89 

Ost Per Ones 6 eso ceeeendascs 14.86 

Cost per capita per year........ 0.71 

Cost per capita per month....... 0.06 
Sewage flow (m.g.d.)............. 6.72 
Screenings (cu. ft. per m.g.)....... ES 
Grit (CUS Tbe POP TAGS) . 65 .6e.cecccsa sc 4.4 
Gas production (cu. ft. per day).... 46,560 
Primary sludge: 

Total solids (%)'......< 2. 066.00. 4.7 

Volatile matter (%)............ 74.1 
Secondary sludge: 

Total solids (%)...........000- 4.4 

Volatile matter (%)............ 64.9 
Transfer sludge: 

WOtAL SOMES) (YO) scs.os. & o55-lere.e eas 2.3 

Volatile matter (%)............ 56.8 
Digested sludge to beds and river: 

Dotal sods (%). << i. 2. ds 4.8 

Volatile matter (%)............ 56.7 
Supernatant: 

"NOVAVSOUES CCG) ook s 68s bas oes 0.5 
Suspended solids: 

La) 1) 196 

Settled sewage (p.p.m.)......... 75 

Filtered sewage (p.p.m.)......... 41 

Secondary effluent (p.p.m.)...... 21 

Per cent removal, total.......... 89.3 
BOD: 

L(G 0s) 09) 11 0) | 120 

Settled sewage (p.p.m.)......... 71 

Filtered sewage (p.p.m.)........ 24 

Secondary effluent (p.p.m.)...... 14 

Per cent removal, total.......... 88.3 
Filters and secondary tanks oper- 

ated, per cent of time...... se 92.1 
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year 78 per cent was produced. The 
per cent of gas produced in first stage 
in the latter part of August and the 
first part of September, 1946 jumped 
to 85 to 90 per cent, clearly justifying 
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the necessity for cleaning and very 
likely indicating that the cleaning out 
of the first-stage digester could rea- 
sonably be justified at five-year in- 
tervals. 


Eighth Annual Report of the Sewage Treatment Works for Battle Creek, 
Michigan for the Year 1944 * 


By N. G. DAMoosE, Director of Public Service 


Type of Plant 

This is a primary treatment plant 
with separate sludge digestion. 

Use of Liquid Sludge as Fertilizer 

The 1939 report introduced the ex- 
perimental work with sludge as a 
liquid fertilizer. There seems to be 
little doubt of the efficacy of this ma- 
terial in the liquid form and its ex- 
tensive promotion is retarded only by 
the lack of tank and truck facilities, 
and manpower. The 3-in. pump now 
used has solved the not too serious 
clogging difficulties of 1939-40, when 
a 2-in. pump was used. 

As indicated in previous reports, it 
is not economically practical to apply 
the sludge with tank equipment of less 
than 1,000-gal. capacity and this, to- 
gether with a truck to carry a full 
load, is not at present procurable. 

It is anticipated that with the new 
primary digester in operation the ques- 
tion of insufficiently digested sludge 
for liquid fertilizer will be removed. 

Liquid fertilizer is still distributed 
gratis to anyone who wishes to carry it 
away. The nine acre lawn area about 
the plant was well maintained during 
the year and treatment with liquid 
fertilizer has produced an ineredibly 
thick mat of grass throughout the en- 
tire area. 

Regulatory Policy Suggested for Harm- 
ful Wastes 

It is respectfully suggested that the 
city establish a regulatory policy with 


* For the last and only previous extract see 
THIS JOURNAL, 13, 5, 973 (Sept., 1941). 


regard to certain wastes and materials 
entering the collection system. Refer- 
ence is made only to those wastes which 
are indisputably foreign to sewage 
such as rubbish, wire, linoleum, tin 
cans and pails, grease, oil, strong and 


TABLE II.—Summary of 1944 Operating Data, 
Battle Creek, Mich. 


Item Average 
Population served................ 57,343 
Equivalent population served: 
Oe Tc et Oe 0. 59,800 
On basis of inf. susp. solids. ..... 75,700 
On basis of inf. vol. susp. solids. . 78.200 
On basis of vol. solids, raw sludge. 92,500 
On basis of gas production....... 80,800 
Average equiv. population....... 77,400 
Total operating costs ($).......... 28,992.79 
PRCT MRD: esheets Ais ects ace'g ss eases 79.22 
Per We BOWALC 2 2.6 d eee 11.81 
Per capita per year............. 0.51 
Total maintenance costs ($)....... 2,180.43 
BETSRAN cai CEG s chews ahah 5.96 
POP MN, BOWARC 0.5.0 osc cca se oe 0.89 
Per Capita Wer Fear... s.50 ss 0.04 
Sewage flow (m.g.d.).............. 6.69 
Grit (cu. ft. per month)........... 43.2 
Grit, per cent organic matter... 64.5 
B.O.D.: 
PNDUMENE CH4VIMN:) 555. e ees sees 171 
BINGEN (PiNMN.). . 0.0.0 os es ss 103 
Per vent reduction.............+. 39.8 
Suspended solids: 
ANUMENT AG PAN.) fos se aoa. 0 284 
invent (pipam.). .........6. 5 84 
Per cent reduction.............. 70.4 
Settleable solids (ml. per liter): 
[TULLE ty Seo Peete tenet ree Sere 7.3 
JLT AE ES So eee eee 0.2 
Per cant Tomoval. . .....6.0005. 97.1 
Digested sludge: 
LVEGT I tah (74 a a ae 97.3 
Volatile matter (%)............ 71.5 
Supernatant (per cent moisture).... 98.5 
Gas production: 
Cu. ft.”per capita per day....... 1.41 


Cu. ft{per month.............. 80,676 
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heavy acids, alkalies and other similar 
materials. The plant is ready and pre- 
pared to serve its owners and users in 
the treatment of all domestic and in- 
dustrial wastes of a character which 
will not foul its biological process, 
damage its equipment, or accumulate 
at points in the system where they can- 
not be reached, controlled, or disposed 
of in some reasonable manner. 

The enforcement of any legal au- 
thority adopted for the purpose of 
regulating the disposal of such ma- 
terials should not exceed the right to 
counsel with and advise business and 
industrial enterprises from which such 
wastes are discharged. It should not 
extend to the usual conception of 
police power. Business and industry 
cannot be curtailed because they pro- 
duce wastes any more than life can be 
curtailed because it produces sewage. 
Industry and business can find means 
of proper disposition of their waste, 
thus avoiding difficulties in, and inter- 
ference with, the normal operation of 
the plant. Special care must be ex- 
ercised in enforcing such regulatory 
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measures in order that the public good- 
will may be maintained at all costs, 
and the problem solved to the con- 
venience of the taxpayer or citizen, to 
the satisfaction of the city, and to the 
protection of the plant. 


Effectiveness of Plant Operation 


Study and analysis of the foregoing 
discussion and the tabulations of this 
report will no doubt indicate the con- 
tinued effectiveness of plant operation. 
High removals of suspended solid 
matter, increases in gas production, 
and a sizable cash balance are but a 
few of the evidences of the technical 
and administrative efficiency of the 
plant’s operation. 

Sustained improvement of the Kala- 
mazoo River is indicated by the odor 
nuisance elimination, which is now 
practically complete. This is tangible, 
sensory evidence, readily detectable 
and appreciated by the public. Sev- 
eral voluntary expressions of apprecia- 
tion for the plant and its operation 
have been received. 


Thirteenth Report of the Minneapolis-Saint Paul Sanitary District 
for the Year 1945 * 


By GEorGE J. SCHROEPFER AND WARREN H. SLEEGER, Superintendent 
and Acting Superintendent 


Change in Superintendents 


Kerwin L. Mick, who has been in the 
employ of the Metropolitan Drainage 
Commission since July 13, 1931, and 
made Chief Chemist by the Sanitary 
District, November 1, 1933, was ap- 
pointed Chief Engineer and Superin- 
tendent by the Board at its meeting of 
July 9, 1945, effective upon his return 
from military service. As the year 
drew to a close, word was received that 
Mr. Mick was expected to return to the 


*Report received 1947 Hatfield Award. 
For the last extract see THIS JouRNAL, 19, 3, 
498 (May, 1947). 


Districf and assume his new duties in 
the very near future. 

Following Mr. Schroepfer’s resigna- 
tion to accept a position as Professor 
of Sanitary Engineering at the Uni- 
versity of Minnesota, Mr. Warren H. 
Sleeger was appointed by the Board, 
at its August 13th meeting, as Acting 
Chief Engineer and Superintendent, 
effective September 16, 1945, for the 
interim period between then and the 
time Mr. Mick returned. 


Inoculations 


Continuing its policy of safeguard- 
ing the health of its employees, the 
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Board of Trustees authorized reinocu- 
lation of all employees against typhoid 
and paratyphoid fever. This was done 
at the District’s expense. 


Washing Headers of Vacuum Filters 
Placed Under Discharge Aprons 


During this year the washing 
headers on the vacuum filters were all 


TABLE III.—Summary of 1945 Operating Data, 
Minneapolis-Saint Paul Sanitary District 


Item Average 
Estimated tributary population... 840,000 
Sewage flow (m.g.d.)............. 118.6 
Screenings, total cu. ft............ 38,918 
CORT CCT | 186,750 
Filter cake produced (tons)....... 97,703 
Screenings (cu. ft. per m.g.)....... 1.0 
Grit (cu. ft. per m.g.)......... oe 4.6 
D.O. settled effluent (p.p.m.)..... 4.1 
Settling tank detention (hr.).... 1.1 
B.O.D.: 
TESS CO. OS 190 
Seltied (9494N.).........2..5.. 120 
Percent removal.............. 37 
Suspended solids: 
ISS? CSO COS 300 
Coll (Cc) ane 100 
Per cent removal over-all (screen- 
ings and-grit included)....... 70 
Settleable solids: 
Raw (ml. per liter)............ 8.4 
Settled (ml. per liter).......... 1.8 
Per cent removal.............. 76.9 
pH: , 
USS SL TSS 6.0 
Thickened sludge............. 5.9 
OMIM on Salis OS 9.6 
Total solids (%): 
SERRE Ss bos os eos ewes 8.2 
Thickened sludge.............. 9.0 
UES C8 , LD 
Volatile solids (%): 
REMUS ce oc Ride ane siaisa ad 68.2 
Thickened sludge.............. 67.1 
EE OS (Sa eee 63.7 


Suspended solids in filtrate (p.p.m.) 125 
Raw sludge: 


Galpermontn:. <2. 5. 6s.66ss% 317,000 
Dry tons per month........... 111.5 
Conditioning chemicals: 
Lime, per cent CaO dry basis. .. 2.84 
Ferric chloride, per cent dry basis 0.92 
Filter rate, lb. wet cake per sq. ft. 
WRERTS Shc wich ness «ee Seven sts 10.2 
Lbs. wet cake per sq. ft. filter area 
BEMME Cts aE rae ib: oc so sa.n ia is 0.85 
Filter cake as fertilizer, total tons 
MPT ca thy ca saw aisweys 4,545.0 
Filter cake incinerated, dry tons 
78.0 
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rebuilt to permit either continuous 
washing or intermittent washing with- 
out requiring the filter to be removed 
from operation during the washing. 
This new method of washing the filters 
has reduced sludge filtration costs. 
Determination of the relative eco- 
nomics between continuous and inter- 
mittent washing awaits further data. 
Using either method, the new location 
of the washing headers permits con- 
tinuous discharge of filter cake with 
no interruptions for washing, increases 
the filter area available, and produces 
a more even tonnage to the incinera- 
tors. 


Different Mesh Sizes for Filter Screens 

Tried 

Experiments were conducted on dif- 
ferent mesh sizes for the Oliver filter 
screens, which serve as a backing for 
the filter cloths, with the purpose of 
determining whether a larger percent- 
age of opening would have any marked 
effect on the filter yields. Results 
showed a slightly greater filter yield 
with the coarser screens, amounting to 
4.8 per cent for a 214-mesh screen and 
4.4 per cent for a 3-mesh screen, as 
compared with the original type 5-mesh 
screen. 


Comparative Study Made on Solvents 
For Grease Determination 


A comparative study of using ethyl 
ether and petroleum ether (B.P. 40°- 
60° C.) as solvents in the determina- 
tion of grease in sewage sludge was 
made. Acidification and final extrac- 
tion yielded the following average re- 
sults on six composite samples: 


Grease Percentage 
Ethyl Ether Petroleum Ether 


Solvent Solvent 
Sludge 21.1 17.1 
Filter cake 19.6 14.7 


It is felt that while petroleum ether 
gives lower values, they are more rep- 
resentative of the actual grease content 
of the sludge, since they probably do 
not include some of the soaps. 
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Studies Made on Effective pH Range 
for Sludge Filtration 


Studies were continued toward de- 
termining an effective pH range for 
chemical conditioning of the sludge 
with the purpose of eliminating the 
troublesome carbonate depositions in 
the sludge lines and vacuum filters. 
Although laboratory studies deter- 
mined that the stability pH of the con- 
ditioned sludge lay in the range be- 
tween 8.2 and 8.5, a more serious 
condition than the carbonate deposition 
was encountered when this pH range 
was used for a lengthy period of plant 
filtration operations. 

Filtering at a pH of 8.5 or less 
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caused a slimy bacterial mold forma- 
tion, very gelatinous in appearance, to 
form on the filter screens, division 
strips, and pipe lines. This mold con- 
dition was much more difficult to re- 
move than the calcium carbonate depo- 
sitions formed at higher pH operations. 
Further tests under actual plant con- 
ditions resulted in a decision to at- 
tempt to control the pH of the condi- 
tioned sludge in the range of 9.0 to 
10.0. This resulted in only a minimum 
amount of carbonate deposition. How- 
ever, several periods of difficult filter- 
ing were encountered and at such times 
it was necessary to increase the pH 
above 10.0 in order to maintain the 
necessary tonnage output. 


1946 Annual Report on the Sewage Treatment Plant for the 
City of Dallas, Texas * 


By IL. C. Binuines, Superintendent and Chief Chemist 


Description of Plant 


This plant is a trickling filter plant 
of 32 m.g.d. capacity. The treatment 
units include primary treatment by 
both Imhoff tanks and primary settling 
tanks, 16 rock filters of 8.93 acres area, 
final secondary sedimentation tanks, 35 
m.g.d. pumping capacity for recireula- 
tion of secondary tank effluent, and 
two-stage separate sludge digestion. 


Systematic Flooding of Filters Con- 
sidered Best Fly Control Method 


Results lead us to conclude that the 
initiation of a systematic flooding pro- 
gram early in the spring will be as 
effective for psychoda fly control in 
the trickling filters as any control meas- 
ures known at the present time. 
Chemical treatments are hard to con- 
trol and very expensive for effective 
application. (Abstracter’s note: See 
further discussion on use of DDT be- 
low.) 


* For a previous extract see THIS JOURNAL, 
19, 4, 667 (July, 1947). 


Grounds Maintenance 


A flock of sheep has been kept on 
the grounds for several years for the 
purpose of reducing grass and certain 
weed growths in the unoccupied areas. 
The sheep serve for a part of the job. 
However, the good they do is offset 
by the damage they do to roses, young 
pines, and other shrubbery. Financi- 
ally, sheep maintenance has been in 
the red. For the three calendar years 
1944, 1945 and 1946 total income from 
sheep has been $408.81. Total expense 
has been $454.25 with a 50 per cent 
reduction in flock over this period. 


Drinking Water Supply for Employees 
Found to be Contaminated by Hand- 
ling 


Among needed improvements is an 
extension of the city water supply to 
the plant. Present well cistern is not 
a satisfactory drinking supply, and 
generally unsuited for laboratory use. 
The present drinking water supply is 
collected in 5-gal. bottles and carried 
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to a cooler. Handling these bottles 
with unclean hands produces a health 
hazard of major importance to em- 
ployees. Laboratory check-ups indicate 
a contaminated drinking supply de- 
spite many attempts to instruct hand- 
lers. (Abstracter’s note: This is a find- 
ing which should be of considerable 
interest to all users of bottled drink- 
ing water supplies. The source may 
be safe but the handling ean contami- 
nate the water.) 


Filter Fly Control Studies 


Sodium Chloride. Laboratory tests 
were made in January, using sodium 
chloride as a contact insecticide for the 
filter fly larvae. Tests were made by 
placing 100 larvae in each of 0.1, 
0.5 and 1 per cent sodium chloride 
solution. After two hours all larvae 
were still active. With a 5 per cent 
solution all larvae were destroyed 
within 50 minutes. No tests were 
made of the effect of sodium chloride 
on filter rock growth. The gost of 
flooding the filters with a 5 per cent 
salt solution would be _ prohibitive. 
However, it could possibly be used at 
a smaller plant. 


Flooding. In June, A-2 filter was 
flooded with untreated sewage and 


kept in that condition for 48 hours. 
About three cubic yards of larvae, de- 
stroyed by suffication, were removed 
before draining. 

DDT. In June the effect of DDT 
on filter larvae was studied. A-1 filter 
was filled with sewage containing 14 
p.p.m. of DDT, then immediately 
drained. No reduction in number of 
larvae was noted. <A-2 iilter was filled 
with sewage containing 14 p.p.m. of 
DDT. After being completely flooded 
for two hours, it was drained. Only 
a few larvae were destroyed. . 

In August and September the effect 
of DDT as a contact insecticide for the 
adult filter fly was studied. Based 
on the theory that the fly could be 
controlled providing a sufficient num- 
ber come in contact with a DDT coated 
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TABLE IV.—Summary of 1946 Operating Data 
at Dallas, Tex. 


Item Average 
Estimated population served...... 484,000 
Miles of sanitary sewers.......... 750 
Sewage flow at plant (m.g.d.)*.... 25.3 
Cost of operation ($): 
CLS DA ES Oe 44,463.31 
Go eo Se 4.80 
Screenings (cu. ft. daily)......... 26.3 
Grit (ou. Tb. ally)... 66s ee es 89.0 
Screenings (cu. ft. per m.g.)....... 0.86 
Grit (ou. tt. per mg;). 2. 6s sass. 5.8 
Settleable solids (ml. per liter): 
ORS oS ae ee 8.9 
Primary tank effluent.......... 0.2 
Imhoff tank effluent........... 0.4 
MIME EMNGENE: «65655002. ws. 0.8 
Final tank effluent............. 0.2 
B.O.D. (p.p.m.): 
ROO RO Beem ioiee eet x at ead 324 
Primary tank effluent.......... 199 
Imhoff tank effluent........... 209 
ree ST er 46 
Final tank effluent............. 31 
Dissolved oxygen (p.p.m.): 
Hylteriemtent-<...5<.. 6.2.02 6655 4.2 
Final tank effluent............ 4.7 
Suspended solids (p.p.m.): 

PCRS Oe eae eer 348 
Primary settling. ............. 91 
Milteremluent... ......5.......- 71 
Secondary settling. . . Eee 35 

Sludge data: 
pH 

Primary tank sludge...... ee 6.2 

APAMSIET BIOUBE . 5. sess bss 6.8 

Secondary digester sludge. . . vA 

ROUEN MONEING 5.5.5.5 65 2 626 0ie o's) aan 

Imhoff tank sludge.......... 6.1 

Secondary settling tank sludge 6.6 
Per cent dry solids: 

Primary settling tank sludge. . 4.8 

Transter sludge. ...........- 3.1 

Secondary digester sludge... .. 6.0 

PMSOUTIBUIAY . oso.500 ss oie 0 ces 1.5 

Imhoff tank sludge.......... 52 

Secondary settling tank...... 3.8 
Per cent dry volatile solids: 

Primary settling tank sludge. . 78.8 

Transfer sludge............. 59.1 

Secondary digester sludge..... 54.5 

PETMAN 5 5:5 sisisis sess oe 54.3 

Imhoff tank sludge.......... 72.2 

Secondary settling tank sludge 66.7 

Trickling filter data: 
Sewage applied (m.g.a.d.)... 4.54 
Loading (5-day B.O.D.): 

Lbs. per acre per day........ 7,584 

Lbs. per cu. yd. stone........ 0.62 

Lbs. per acre-foot........... 1,017 


* Some flow by-passed. 
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surface, all filters were sprayed with 
a 10 per cent DDT kerosene solution 
at the following surfaces: the concrete 
center portion, the 6- to 12-in. strip 
of dry rock at the outer edge of the 
filter, and the inside portion of the con- 
erete wall around the filters. DDT 
was applied at the rate of 0.02 oz. of 
powder per sq. ft. of sprayed surface. 
Results were disappointing. 

Bolding has observed that the filter 
fly prefers the shade. For this reason 
the elimination of weeds and tall grass 
in the filter field would be desirable. 

In summary, results with DDT were 
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ar 
disappointing. Best, results were ob- 
tained by flooding the filters for at least 
24 hours. 

(Abstracter’s note: Adult fly control 
at other plants has also proven to be 
disappointing in many cases. It must 
be remembered that large numbers of 
flies are in the area around the filters, 
such as in tall weeds, and also inside 
the filters themselves. The results at 
this plant with larvae control might 
have been more successful if higher 
strengths of DDT had been used. It 
will be noted that the doses tried were 
relatively light.) 
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Many Enjoy Conducted Tour to 
20th Annual Meeting 


For many, an outstanding feature of 
the recent combined FSWA-AWWA 
meeting at San Francisco was the de- 
lightful tour to and from the conven- 
tion, which was arranged by the Joint 
Transportation Committee. One hun- 
dred seventy-seven Federation and 
AWWA members and guests made the 
trip to San Francisco aboard the spe- 
cial train provided by the committee. 
Particularly enjoyed were the sight- 
seeing tours en route at Rocky Moun- 
tain National Park; Salt Lake City; 
Hoover Dam; Las Vegas, Nev.; and 
the Los Angeles area. 

In the Los Angeles area local FSWA 
and AWWA members did an excep- 
tional job of entertaining the special 
tour members. Transportation and 
guide service were available to many 
places of engineering interest. 

In addition to the special train ar- 
rangements the Transportation Com- 
mittee took care of direct transporta- 
tion routings between New York and 
San Francisco for 22 members. Com- 
mittee members at Chicago also 
arranged for a special car to San Fran- 
cisco and booked space for 18 indi- 
viduals. 


The long return trip from San Fran- 
cisco, which featured a boat trip to 
Victoria, B. C. and a 3-day stopover 
in Glacier National Park, was enjoyed 
by 127 persons, the majority of whom 
had been together on the westward 
trip. The committee also handled res- 
ervations for 54 individuals who re- 
turned East by direct train. 

Unless one has had first hand experi- 
ence, it is impossible to realize the 
tremendous amount of work required 
of the Transportation Committee. 
E. A. Sigworth, chairman of the com- 
mittee, reports that over 600 personal 
letters and 600 form letters concern- 
ing transportation arrangements were 
mailed from his office alone. All mem- 
bers of the committee cooperated com- 
pletely ; many spent considerable time 
and corresponded extensively with 
Federation and Association members. 
Tom Amiss, of Shreveport, La., in par- 
ticular, worked extremely. hard and 
diligently to develop a special train 
for members from the Southern States. 
Although widely publicized there were 
not sufficient requests for space to make 
the Dixie Special a reality. 

One o::tstanding service of the ecom- 
mittee was its timely notification to 
tour members of the June Ist rail- 
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road fare increase and its advance pur- 
chase of tickets for those having tour 
reservations. This action by the eom- 
mittee resulted in an estimated saving 
of approximately $4,000 to those mak- 
ing the tour. 

The Federation’s sincere thanks and 
appreciation are due the Joint Trans- 
portation Committee members for their 
successful handling of a difficult job. 





Kessener Visits 


Federation headquarters recently was 
favored with a visit by Dr. H. J. N. 
Kessener of The Hague, Holland, who 
was on a tour of the U. 8. for the Neth- 
erlands government in his capacity as 
technical advisor on water pollution. 
Dr. Kessener has retired from his for- 
mer position as director of the Gov- 
ernment Institute of Sewage Purifica- 
tion. He held the earliest patent cov- 
ering the utilization of sewage gas for 
power (1914), and is the inventor of 
the Kessener Brush Aerator, which 
has found application in a number of 
European activated sludge plants. 

Dr. Kessener is a strong believer in 
the activated sludge process of sec- 
ondary treatment and holds that, per 
unit of volume, it is a less expensive 
method than is biological filtration. 
Citing several plants in Europe where 
concentrated industrial sewages are 
treated successfully by activated sludge, 
he discounts the alleged disadvantages 
of the process with respect to ability 
to handle such wastes, requirement of 
highly skilled supervision, and eeonomy 
in small installations. 

Of further interest to us was Dr. 
Kessener’s description of mechanical 
devices used commonly in Holland, such 
as water wheels powered by the sew- 
age flow for activated sludge return 
and large, slow-moving stirring plates 
or paddles—operating from a_hori- 
zontal shaft—in digesters (see THIS 
JOURNAL, 18, 1, 22; January, 1946). 

In the course of his inspection trip 
of sewage works in the U. S8., Dr. Kes- 
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sener was especially impressed with 
their cleanliness and the attention given 
to beautification of buildings and 
¢erounds. 

The opportunity to visit with Dr. 
Kessener was most enjoyable. One of 
the pioneers in modern sewage treat- 
ment practice, he is full of new ideas 
and has retained his enthusiasm for 
his work in spite of the harrowing ex- 
periences to which he and his family 
were subjected during the war. We 
look forward to the faint possibility 
that there may some day be a chance 
to return his visit. 





Home Garbage Grinders 


Home garbage grinders apparently 
not only are here to stay but may soon 
arrive in most communities in appreci- 
able numbers. The General Electric 
Company has announced the end of 
allocations on its Disposall unit. At 
the end of 1946, production of Dis- 
posalls reached a rate four times the 
maximum pre-war rate. Current 
quotas point to a 1947 production sev- 
eral times the 1946 figure. 

A new home garbage grinder re- 
cently made its appearance on the West 
Coast, the Waste King, produced by 
the Arvin Manufacturing Company of 
Los Angeles. 

All sewage works operators who have 
wishfully viewed the home garbage 
erinder as a passing fad would do 
better to take a serious look at this 
fast-growing infant of the appliance 
field. The home garbage grinder al- 
ready is in the future of every sewage 
works operator! 





Quarter-Century Operators’ Club 


Although there were no functions 
specifically scheduled for its members, 
the Quarter-Century Operators’ Club 
was welj represented at the 20th An- 
nual Meeting at San Francisco. Frank 
Woodbury Jones, head man of the ven- 
erable group, announced a new club 
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member whose election had not been 
previously reported. New member 
Earl Devendorf, Assistant Director, 
Division of Sanitation, New York De- 
partment of Public Health, is an old- 
timer in the sewage works field, having 
paved the way for John Lewis, A. H. 
Goodman, and Morris Cohn at the 
Schenectady, New York, plant between 
1915 and 1918. 

The roster of the Club now includes 
the names of 30 veteran valve turners. 

The Quarter-Century Club Commit- 
tee, appointed last year by President 
Friel, has formulated plans for admin- 
istering the affairs of the Club so that 
the privileges of present members will 
be protected, new applicants fairly 
considered, and the distinction and 
honor of membership maintained and 
preserved. 





Insecticide Fog Generator 


At some time or other every sewage 
works operator could use power spray 
equipment to advantage. Equipment 
making possible positive control of 
adult filter flies which have lodged on 
plant structures and in the grass and 
shrubbery would be welcomed by 
many. Occasionally destruction of fly 
larvae on sludge bed and lagoon sur- 
faces is desirable. Other uses for 
power spray equipment at sewage 
plants readily come to mind. 

The relatively new Todd Fog Ap- 
plicator appears to provide the equip- 
ment answer for many insect control 
problems and has found wide applica- 
tion by municipalities for use at parks, 
beaches, playgrounds, stables, and 
dumps. Adapted from equipment de- 
veloped for the Navy, the machine can 
distribute any standard insecticide, 
weed-killer, or fungicide, converting it 
into a super-fine fog of controllable 
density. 

As a fog, the insecticide can be dis- 
tributed over an area more thoroughly 
than by other methods since the fog 
moves across the ground enveloping 
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and penetrating everything encoun- 
tered. 

The fogging method is claimed to be 
considerably more economical because 
it spreads the lethal agents much thin- 
ner, reportedly requiring only about 
1/20th of the total materials required 
by other methods to do a given job. 
The fogging method is also claimed to 
be much faster, with the fog traveling 
for distances up to 600 ft., with high 
kill. The machine can be operated by 
one man who can also drive the truck 
or jeep on which the fog applicator is 
mounted. : 

Belt-driven for smoother operation 
and powered by .a standard gasoline 
engine, the fog applicator has a par- 
ticle size range of 14 micron (1/2,000th 
of an inch) to 135 microns, which is 
virtually spray size. One recent job 
accomplished with dispatch by a Todd 
Fog Applicator was the fogging with 
DDT of the entire Texas City, Texas 
area immediately after the disastrous 
blasts which damaged the town and 
disrupted normal sanitary services. 

If the cost is not excessive, the fog 
applicator may have enough general 
use that some municipalities will add 
it to their equipment pool. Where 
this occurs it may be worth while for 
the sewage works operator to borrow or 
rent the fog applicator and to deter- 
mine its suitability for occasional in- 
sect and weed control use at sewage 
treatment works. 





CSSWA Again Wins Convention 
Attendance Award 


For the sixth consecutive time the 
annual Convention Attendance Award 
was won by those traveling midwest- 
erners of the Central States Sewage 
Works Association. Whether com- 
pelled by loyalty to the Federation 
annual meeting, a curiosity to see for 
themselves how golden California 
really is, or just a desire to get away 
from midwestern summer weather, the 
CSSWA members rolled up an impres- 
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sive 41,000 man-miles in coming to 
San Francisco. At first it appeared 
that the California delegation might 
break the long CSSWA reign, but the 
146 Californians registered could total 
up only slightly more than 30,000 man- 
miles, to take second place. The Penn- 
sylvania Association captured the show 
position, with New York taking fourth 
place. 

This latest capture of the Attendance 
Award retires the second consecutive 
trophy to the permanent possession of 
the CSSWA. 

Deciding that the Convention At- 
tendance Award had outlived its use- 
fulness, the Board of -Control acted at 
San Francisco to abandon the contest. 
©. C. Larson, CSSWA Director, in 
commenting on this action advised that 
his constituency would not feel too 
badly about the suspension of the com- 
petition. The responsibility for pres- 
ervation and transportation of the two 
trophies actually has been more of a 
penalty than a reward. 
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Flash From ’Frisco 


The unscheduled highlight of the 
Joint.Presidents’ Reception and Dance 
at the recent Annual Meeting was, 
without a doubt, the impromptu hula 
dancing lesson received by a group of 
water and sewage works notables. 
During the Hawaiian entertainment 
the mistress-of-ceremonies, famed Hilo 
Hattie, beguiled a somewhat wary 
group of celebrities to line up for a 
hula lesson. 

Placing them at once at ease, Hattie 
started the lesson. With doubtful eyes 
riveted on undulating Hattie and lured 
on by the musie of The Islands, the 
pupils tried mightily. The snapping 
of long forgotten muscles accented the 
rhythm of the guitars. 

Complete honesty compels reporting. 
however, that despite earnest effort 
Hilo Hattie’s ‘‘curvilinear’’ contor- 
tions coaxed only ‘‘wrecktilinear’’ re- 
actions from the weak but willing 
pupils. 

There were no reported casualties! 
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Editorials 


THE STANDARD METHODS COMMITTEE 


The Federation’s Committee on Standard 
Methods of Sewage and Industrial Wastes 
Analysis, under the leadership of Chair- 
man W. D. Hatfield, is engaging in an 
ambitious program of activity that is de- 
serving of special notice. Though the com- 
mittee has worked quietly in the past, it 
has nevertheless done an extraordinary job 
in compiling the sections on sewage meth- 
ods contained in the eighth and ninth edi- 
tions of Standard Methods for the Exami- 
nation of Water and Sewage. The new 
responsibilities assumed recently by . the 
committee establish its program as one of 
the Federation’s foremost current activi- 
ties. 

Worthy of first mention is the fact that 
the Federation will be a full-share partici- 
pating publisher with the American Pub- 
lie Health Association and the American 
Water Works Association in the produc- 
tion of the next (tenth) edition of Stand- 
ard Methods. The ready acceptance of the 


Federation as a joint sponsor and publisher ° 


is undoubtedly a result of the excellence 
of the contributions made by Dr. Hat- 
field’s committee to the current and pre- 
ceding editions of this vitally important 
manual. 

Then there is the research project that 
was initiated by the committee in October, 
1947, under a $33,830 grant from the Na- 
tional Institute of Health. Objectives of 
the project are to evaluate existing analyti- 
cal methods as to their accuracy, analyze 
their shortcomings and, where possible, to 
develop new or improved technics. 

The work will be conducted under the 
general direction of Chairman Hatfield in 
six established sanitary chemical laborator- 
ies, each of which is under the immediate 
supervision of a member of the committee. 
At this writing, work is progressing at the 
Massachusetts Institute of Technology 
under the direction of Dr. Clair N. Sawyer, 


and at the University of Wisconsin under 
Dr. M. Starr Nichols. Other laboratories 
being considered are those at the New York 
State Division of Laboratories and Re- 
search (F. W. Gilereas), the Illinois State 
Water Survey (Dr. A. M. Buswell), Rut 
gers University (Dr. Willem Rudolfs), 
Mellon Institute of Industrial Research 
(Dr. R. D. Hoak) and Purdue University 
(Prof. Don E. Bloodgood). 

Each laboratory will be assigned spe- 
cifie analytical methods for detailed study. 
One full-time technician or the equivalent 
in part-time workers will be employed in 
each laboratory. 

High hopes are held for the productive- 
ness of this research. .Advancements in 
analytical procedures have heretofore de- 
pended upon voluntary studies, more or 
less coordinated, that could be undertaken 
as time permitted. As a result, some meth- 
ods have been continued as “standard” 
procedures when they are known to ‘be 
deficient; others have become obsolete soon 
after adoption as “standard.” The com- 
prehensive and coordinated work made 
possible by the NIH grant should advance 
by several years the normal progress made 
in analytical procedures. 

Finally, the committee last year ex- 
panded its functions to inelude industrial 
waste analytical methods by assigning three 
of its members to serve as a special sub- 
committee. This is in line with the gen- 
eral policy of the Federation in regard to 
increased emphasis on industrial waste in- 
terests. 

It is apparent that the Federation, 
through its Committee on Standard Meth- 
ods of Sewage and Industrial Waste Analy- 
sis, is prepared to fulfill the responsibility 
that it has assumed in becoming a partner 
to APHA and AWWA in publishing the 
Standard Methods manual. 
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PLATING INDUSTRY TO STUDY WASTE DISPOSAL 


Welcome news is the recent announce- 
ment by the American Electroplaters’ So- 
ciety that a new research project has been 
established to include studies on plating 
waste recovery and disposal. The work 
will be undertaken in the Department of 
Chemical Engineering at Yale University 
under the direction of Prof. Barnett F. 
Dodge, who will be assisted by D. C. Reams. 
The AES Project Directing Committee 
consists of Dr. C. Fred Gurnham as chair- 
man, with Maleolm A. Orr and Manley L. 
Ross. 

An extensive survey and critical review 
of the existing literature on metal plating 
and finishing wastes will initiate the 


project. This will be followed by labora- 
tory and pilot plant investigations, and by 
cooperative work in industrial treatment 
plants. There is also a need for basie in- 
formation on toxicity limits of various 
components of metal plating wastes, and 
studies in this direction might desirably be 
included under the project. 

It is only through such intra-industry 
research as this that the final answers to 
difficult industrial wastes problems can be 
reached. The American Electroplaters’ 
Society will serve its membership well by 
carrying out this program on a proper 
seale. 


THE AMENDED BARKLEY-TAFT BILL 


The amended version of the Barkley- 
Taft Bill (S. 418), passed by the Senate 
on July 17, 1947, deserves the active sup- 
port of all who believe that federal pollu- 
tion control authority should supplement 
and not be superimposed upon state au- 
thorities. By its clear provision that fed- 
eral enforcement procedure is to be insti- 
tuted only with the consent of the state or 
interstate pollution control agencies in- 
volved, S. 418 as amended represents the 
type of federal legislation that is held to be 
most useful by those who are experienced 
in the conduct of pollution abatement pro- 
grams. Some conservationists, however, 
consider the bill to lack “teeth,” and are 
marshalling forces to restore controversial 
clauses when the measure comes before the 
House upon the re-assembly of Congress 
next January. 

Another amendment made in §S. 418, 
which has been the source of some mis- 
understanding, is the reference to certain 
administrative functions that would be 
handled in the Federal Works Agency. 
As passed by the Senate, the bill assigns 
responsibility for the investigation of 
causes and sources of pollution, the recom 
mendation of remedies and the justifica- 
tion of expenditures to the Public Health 
Service of the Federal Security Agency. 
The Federal Works Agency, -however, is 


designated to perform the functions hav- 
ing to do with execution of the remedies, 
e.g., review and approval of plans, specifi- 
cations, cost estimates, bond issues, ete., 
where federal loans for planning or con- 
struction are involved. This is merely a 
specific definition of the services which 
were intended to be assigned*to agencies 
other than the Public Health Service under 
the general provision in the original bill 
which gave the Surgeon General authority 
to utilize “an appropriate agency of the 
United States” for the above purposes. 

A further desirable change is the pro- 
vision for federal financial assistance in 
the form of loans instead of grants-in-aid. 
Up to $100,000,000 per year would he 
appropriated for loans at 2 per cent in- 
terest to finance as much as one-third the 
cost of construction of sewage or indus- 
trial waste treatment works. An appro- 
priation of $12,000,000 is authorized for 
loans without interest to finance prelimi- 
nary engineering expenses. An additional 
$5,000,000 per year is made available to 
states for the conduct of special investi- 
gations and studies. 

It is believed that the Barkley-Taft Bill 
in its present form is a sound and workable 
measure, and that its passage by the 
House of Representatives should be en- 
couraged. 


Wi il. Wi. 
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Proceedings of Member Associations 





CALIFORNIA SEWAGE WORKS ASSOCIATION 
19th Annual Meeting 
San Francisco, Calif., July 21-24, 1947 


Acting as host to the 20th Annual 
Meeting of the Federation, the Cali- 
fornia Sewage Works Association held 
its 19th Annual Meeting concurrently 
with that of the Federation at San 
Franciseo, July 21-24, 1947. One hun- 
dred forty-six members of the Asso- 
ciation, exclusive of manufacturers’ 
representatives, registered for the Fed- 
eration meeting. 

The only formal session held by the 
Association was the annual Business 
Luncheon, July 24, 1947, at the Whit- 
comb Hotel. President G. A. Parkes 
presided. Ninety members were in at- 
tendance. 

Federation President Friel and Ex- 
ecutive Secretary-Editor Wisely were 
guests of the Association and spoke 
briefly concerning the fine hospitality 
extended by the Association to Federa- 
tion members attending the annual 
meeting. They also expressed appre- 
ciation for the outstanding way Asso- 
ciation members had carried out the 
work of the various local arrangements 
committees. 

President Parkes introduced Asso- 
ciation members who had served on the 
local arrangements committees for the 
Federation meeting and they were 
given a rousing vote of appreciation 
and thanks. Secretary-Treasurer Ar- 
thur G. Pickett presented his report 


for 1947. Containing several specific 
recommendations concerning Associa- 
tion activities and policies for 1948, 
the report documented the healthy con- 
dition of the Association and its sound 
financial position. The reports were 
adopted and the recommendations re- 
ferred to the Executive Board. 

Fred Nelson, Chairman of the Mem- 
bership Committee, reported on the 
activities of this committee for 1947 
which resulted in the addition of an 
appreciable number of new members 
during the year. Active membership 
was reported as 330, with a special ef- 
fort being planned by the committee 
to obtain the early reinstatement of 
47 deliquents. 

Following the report of the nominat- 
ing committee, officers elected for 
1947-48 were: 


President—Harold lL. May, Palo 
Alto. 

Vice-President—Ray lL. Derby, Los 
Angeles. 

Second Vice-President—R. R. Ribal, 
Oakland. 

Secretary-Treasurer—Lawrence H. 
Cook, Menlo Park. 

Association Director—H. B. Foster, 
Jr., Berkeley. 

ARTHUR G. PICKETT 
Secretary-Treasurer 


CENTRAL STATES SEWAGE WORKS ASSOCIATION 


20th Annual Convention 
Duluth, Minnesota, June 20-21, 1947 


The 20th Annual Convention of the 
Central States Sewage Works Associa- 


tion was held June 20-21, 1947, in the 
Spalding Hotel at Duluth, Minn. A 
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total of 108 members and guests were 
registered. 

President E. J. Beatty presided over 
the first session which was opened with 
an address of welcome by Mayor 
George W. Johnson of Duluth, Minn. 
Reports were presented by the Secre- 
tary-Treasurer and the Awards Com- 
mittee. 

““B.0.D. and Nitrification’? by E. 
Hurwitz, G. R. Barnett, Harry Kramer 
and R. E. Beaudoin was the first tech- 
nical paper presented. This was fol- 
lowed by ‘‘Biological Aspects of 
Stream Pollution’’ by A. F. Bartsch, 
senior biologist of the Committee on 
Water Pollution of the State of Wis- 
consin. 

‘‘Sewage Treatment at Madison, 
Wisconsin’’ was presented by Carleton 
H. Becker and M. D. Ridell of Greeley 
and Hansen Engineers. 

*‘Studies on B.O.D.’’ by C. C. 
Ruechhoft, O. R. Placak and M. D. 
Ellinger of the U. S. Public Health 
Service, Sanitary Engineering Divi- 
sion. 

‘*Preaeration’’ by Donald Walker of 
Walker Process Equipment, Inc. 

‘‘Industrial Waste Treatment at 
South St. Paul’’ by William Cropsey 
and Keith Larson, superintendent and 
chemist, respectively, of South St. Paul 
disposal plant. 

At the annual banquet Dr. J. E. 
Christianson, superintendent of the 
University of Minnesota School of 
Agriculture, gave an inspiring talk on 
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the need for professional people to 
take more active interest in national 
and world affairs. 

The’ George W. Radebaugh Award 
was presented to L. S. Kraus, chemist 
of the Greater Peoria Sanitary District 
of Peoria, Ill., for his paper ‘‘Use of 
Digester Sludge and Digester Overflow 
to Control Bulking Activated Sludge.’’ 
This paper was presented at the June 
13, 1946 meeting and appeared in the 
November, 1945 issue of THIs JOURNAL. 

The second day of the meeting 
opened with an Operator’s Breakfast 
which was a huge success. The one- 
half day which was allotted for this 
function seemed all too short for the 
enthusiasm evidenced. 

The following officers were elected 


for the year 1947-48: 


President: H. G. Rogers, Minneapo- 
lis, Minn. 

First Vice-President: Carl B. Car- 
penter, Hammond, Ind. 

Second Vice-President: L. S. Kraus, 
Peoria, Ill. 

Third Vice-President: H. T. Rudgal, 
Kenosha, Wis. 

Secretary-Treasurer: Paul W. Reed, 
Indianapolis, Ind. 


H. G. Rogers announced that several 
cities had submitted bids for the 
CSSWA 1948 convention. The city of 
Milwaukee was selected. 

PauL W. REED 
Secretary-Treasurer 


MEMBER ASSOCIATION MEETINGS 


Association 


New York State Sewage Works Association 
New Jersey Sewage Works Association 
Montana Sewage Works Association 


Pacific Northwest Sewage Works 
Association 


Time 
Jan. 23, 1948 


Place 
Hotel Pennsylvania, 
New York City, N. Y. 


Hotel Stacy Trent, 
Trenton, N. J. 


March, 1948 


City Auditorium, Apr. 8, 1948 


Livingston, Mont. 
Hotel Boise, 
Boise, Idaho 


May 12-15, 1948 
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Federation Affairs 


GEORGE S. RUSSELL ASSUMES FSWA PRESIDENCY 


George Silas Russell of St. Louis, Mo., 
became the eighth President of the Federa- 
tion when he took over the gavel at the 
1947 Annual Meeting of the Board of Con- 
trol at Philadelphia on October 10, 1947. 

Mr. Russell is a 1909 graduate in civil 
engineering of the University of Illinois, 
where he completed the full course in only 
two years. He is a member of Tau Beta 
Pi and Sigma Xi. 

Upon graduation he took a position in 
the Kansas City Southern Railway, in 
which he gained experience in construction 
of terminal yards, paving, bridges, sewers, 
ete. This engagement was followed by an 
appointment as Office Engineer, and later, 
as Engineer-in-Charge of the Kansas City 
Sewer Division, which was then developing 
the basic plan for the present sewer sys- 
tem of the city. Mr. Russell left the em- 
ploy of the city to engage in private con- 
sulting practice in Kansas City until the 
outbreak of World War I. As a reserve 
officer he served overseas with the 314th 
Engineers, 89th Division, attaining the 
rank of Captain. 

His civilian career was resumed with 
the Sanitary District of Chicago, where he 


served as Assistant Engineer (Sewage Dis- 
posal) in connection with the design of 
various sewage treatment plants of the 
District. Return to private practice at 
Springfield, Mo., brought engagements to 
design a comprehensive sewage works 
project for the city of Springfield—inelud- 
ing the largest sewage treatment plant in 
the state—and to make plans for 400 miles 
of state roads. 

Since 1929 Mr. Russell has been in con- 
sulting practice in St. Louis, Mo., as Presi- 
dent of the firm of Russell and Axon. 

President Russell has contributed freely 
of his time and energy to various profes- 
sional activities, and is at present on the 
lecturing staff at the University of Mis- 
souri, a member of the St. Louis County 
Planning Board, and a member of the Mis- 
souri Water Works Operators’ Examining 
Board. A member of the Missouri Water 
and Sewerage Conference for more than 
twenty years, he has represented that or- 
ganization in the Federation Board of 
Control for five years and was honored 
by the Conference in 1945 when he was 
named to receive the Kenneth Allen Award. 


VICE-PRESIDENT EHLERS SERVES FEDERATION 
LONG AND WELL 


The induction of V. M. Ehlers as Vice- 
President of the Federation in October 
climaxed a relationship of more than 
twenty years’ standing, beginning with Mr. 
Ehlers’ service on the “Committee of One 
Hundred” which planned the original or- 
ganization of the Federation. Mr. Ehlers 
was a charter member of the Board of 
Control, on which he served continuously 
from 1928 to 1942. 

His record of Federation committee ac- 
tivity bears witness to the value placed on 


his judgment and administrative ability. 
He has in the past held appointments to 
the Organization, Coordinating, Publicity 
and Executive Committees, and is presently 
a member of the Legislative Analysis Com- 
mittee. 

Mr. Ehlers is one of the nation’s leading 
public health engineers, having held since 
1915 the position of Chief Sanitary Engi- 
neer of the Texas State Department of 
Health. 
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Field Test for Assessing Approximately 
the Quality of Effluents from Treatment 
of Domestic Sewage. By E. E. Jones 
and T. H. Summers. The Surveyor, 
105, 299-301 (April 19, 1946). 


Beeause of the absence of laboratory fa- 
cilities in many military and other camps 
in Great Britain, a simple test was devel- 
oped for the routine testing of quality of 
effluents from sewage treatment works. 
The test is performed by preparing vari- 
ous concentrations of the plant effluent and 
treating each with acid and potassium per- 
manganate. 

A field kit was designed to hold five 50 
ml. low form Nessler tubes, a sample bot- 
tle, a bottle of acid, pipettes, mixers, and 
cleaning brush. 

The test is performed by using four 50 
ml. portions of sewage effluent in the Ness- 
ler tubes, numbered from 0 to 3. Tube 0 
is used as a blank. To each tube 1, 2, and 
3 are added 2 ml. of 25 per cent sulfuric 
acid and 2 ml., 4 ml., and 6 ml., respectively, 
of N/80 permanganate solution. The color 
is observed in 30 minutes and the character 
of the effluent determined by the following 
table, which also gives the range of oxygen 
absorbed values: 











Estimated 
No. of Last Range of 
Cylinder in Gio 
Which Liquid xy eet — 2 
Absorbed in | Character of Effluent 
was Colorless 
4 Hours at 
at End of =| "26.7° C. 
30 Minutes p.p.m. 
0 0-12.5 | Very good 
1 10.5-23. | Good to satisfactory 
2 20.5-34.5 | Unsatisfactory 
3 31.5 | Very unsatisfactory 











RaupH E. FuHRMAN 


Experimental Work at the Northern Out- 
fall Works of the London County Coun- 
cil, 1940-1946—Part II. By E. H. 


Vick. Paper* presented at a meeting 
of the Metropolitan and Southern 


Branch of the Institute of Sewage Puri- 

fication, November 16, 1946. 10 pp. 

This paper is a continuation of the war- 
time experiments with a view toward uti- 
lizing sludge as a fertilizer. Part II is 
concerned with the composting of sewage 
sludge with household refuse for use as a 
suitable fertilizer. 

In the early experiments at the Southern 
Outfall Works, the pulverized refuse was 
mixed with sedimentary sludge in a con- 
crete mixer, 1.22 parts of sludge being 
mixed with 1 part of refuse by weight. 
The mixture failed to ferment satisfactor- 
ily, but this may have been due to the cold 
weather (January). 

The experiments were extended at the 
Northern Outfall Works where digested 
and activated sludge were available in ad- 
dition to raw sludge, and compressed air 
was available for artificial aeration of the 
heaps of compost. The heaps were con- 
structed 7 ft. by 4 ft. by 4 ft. high; those 
with aeration having two diffuser tiles 
spaced one ft. apart underneath the heap, 
connected to an air supply having a pres- 
sure of 7 lb. per sq. in. The heaps were 
laid out as follows: 

Heap A. Refuse and raw sludge .... aerated 
Heap D. Refuse and raw sludge ...... no air 
Heap B. Refuse and activated sludge. .aerated 
Heap E. Refuse and activated sludge .. no air 
PTeap yO, FEELS ONDY  s.0.6.0!0.. 6:55 06-80: aerated 
Heap F. Refuse only 
Heap G. Refuse and digested sludge .. no air 
Heap Z. Refuse and screenings ....... no air 


* A preprint. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 


which might be suitable for abstracting in THIS JOURNAL. 


Publications of public health de- 


partments, stream pollution control agencies, research organizations and educational institu- 
tions are particularly desired. Address such material: Federation of Sewage Works Assns., 


325 Illinois Bldg., Champaign, Til. 
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Chemical Compositions of Organics Used in Field Experiments, 1945 
































As Percentage of Dry Matter 
Dry 
M e ‘ 
re | — Total Amon. Total Total Loss on 
N N K20 P20s Ignition 
Farmyard Manure 20.4 2.439 0.194 2.20 | 1.472 | 76.4 
Refuse-Screenings Com- 
post 58.2 1.276 0.122 0.50 0.878 40.1 
Refuse-Sludge Compost 73.2 0.808 nil 0.44 0.591 32.5 
Screened Dust-Reigate 85.5 0.504 nil | 0.32 | 0.673 19.8 





None of the aerated heaps showed a rise in 
temperature. Of the remaining heaps, 
heap Z produced by far the best results. 
Therefore, the remaining experiments 
were concentrated on a compost of ref- 
use and screenings at a determined pro- 
portion of 1:1 by volume for the most 
satisfactory results. These screenings were 
produced by screening the raw sludge im- 
mediately after it leaves the sedimentation 
channels. 

Further work indicated that the com- 
posts could be made by adding alternate 
one ft. layers of pulverized refuse and 
screenings to allow fermentation for one 
week. Then the mixture was placed in 
stacks about 10 ft. wide by 6 ft. high by 
100 ft. in length, and allowed to mature for 
3 months. 

Similar composts were made with a 
sludge-refuse compost, but fermentation 
results were not satisfactory. 

Various agricultural experiments were 
conducted by C. Bould of the Dept. of Agri- 
culture, University of Bristol, on cabbage, 
potatoes, beets and mangolds to determine 
the relative values of refuse-screening com- 
post, refuse-sludge compost, farmyard ma- 
nure, screen dust-Reigate and a control. 
The chemical analysis of the organics is 
shown in the tabulation which follows: 


Additional agricultural experiments were 
made on a straw-sludge compost, but no 
conclusive results were obtained. 

The following conclusions were made on 
the agricultural experiments: 


(1) Both sludge-refuse compost and 
sereenings-refuse compost have appreciable 
manurial value. 

(2) Sereenings-refuse compost which 
appears to be more or less equivalent on a 
fresh weight basis to farmyard manure is 
somewhat superior to sludge compost. 


(3) Production costs at an output of say 
4,000 tons (long) per annum might be ex- 
pected to be 8/-per ton. Operating on a 
considerably larger scale this figure might 
be substantially reduced. 

(4) The results of the present experi- 
ments indicate not only an increase in the 
weight of the crop following application 
of the compost, but also an improvement 
in quality. 

(5) The results were obtained on war- 
time refuse, from which a considerable pro- 
portion of organic matter had been sal- 
vaged. It may be anticipated that some 
improvement would result from the relax- 
ation of war-time restrictions. 

Rosert P. Lowe 


Sewage Purification in South Africa. By 
H. M. De Vasu. The Surveyor, 105, 98 
(February 8, 1946).. 


This article is brief and general in na- 
ture. 

Sewage purification in South Africa was 
begun about the year 1900. Early sewage 
treatment plants were established at sev- 
eral military camps during the Anglo-Boer 
war. 

It is estimated that the total number of 
sewage treatment plants in South Africa 
is well over 100. This figure includes 
plants serving mines and_ institutions. 
Approximately 30 plants serve eommuni- 
ties of 3,000 persons or more. 

GerarD A. RoHLICH 


Sewerage and Sewage Disposal in 1945 
(British Isles). The Surveyor, 105, 
141-146 (February 22, 1946). 


This article presents a general review of 
sewerage and sewage disposal activities in 
the British Isles during the year 1945. 
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The effects of six years of “upset and 
improvisition” during the war are gradu- 
ally being overcome. Supplies of materials 
and labor are scill low as is evidenced by 
the fact that loans sanctioned by the Min- 
istry of Health to local authorities in Eng- 
land and Wales for disposal of waste prod- 
ucts (refuse disposal, sewerage, and sewage 
disposal) totalled only £168,000 during the 
quarter ending December 31, 1945. 

Research. Although no_ specifie re- 
searches are discussed it is stated that a 
considerable amount of important research 
and experimental work has been carried out 
during recent years despite the difficulties 
in obtaining personnel. 

Administration and Policy. At present, 
government attention is concentrated on 
creation of comprehensive river boards, 
and on a review of local government 
boundaries. River boards will be of serv- 
ice in seeing that all sewage works produce 
effluents of required standard of purity. 
Should the review of local government 
boundaries succeed in coalescing local gov- 
ernment into units of reasonable size and 
adequate financial standing, then the em- 
ployment of properly qualified men to ad- 
minister sewage purification services will 
become possible. At present there is little 
collaboration between neighboring authori- 
ties. “In many eases certain sewage dis- 
posal works are operating with defective 
supervision and poor maintenance, while 
in the near vicinity there are other authori- 
ties having staff well qualified. . . .” 

Sewerage. Present construction work 
is confined to urgent projects, such as pri- 
ority housing. 

Sewage Works Operation. “The con- 
tinued shortage of suitable labor is still 
seriously handicapping operation and 
maintenance.” Plants are showing the 
effects of inadequate attention during the 
war years. The attractive positions in in- 
dustry are drawing men from the sewage 
plant operation field with the result that 
“it seems doubtful whether sufficient prop- 
erly qualified men will be available to get 
the best out of sewage purification plants 
of advanced design.” 

Screening and Grit Removal. “ Fine 
screening is rapid'y dropping out of use. 
The normal practice is to reduce screening 
to the absolute minimum.” Present tend- 
ency in design is to place screens in ad- 
vanee of de-gritting units. 
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Flocculation of Sewage. The article, 
“Controlled Septicity of Sewage” by W. 
Watson, is discussed. An abstract of this 
article appeared in Sewage Works Journal, 
18, 577-578 (May, 1946). 

Sedimentation. Reference is made to 
the article “Research Relating to Sedimen- 
tation,” by L. B. Escritt, The Surveyor, 
104, 299-300 (June 1, 1945). An abstract 
of this article appeared in Sewage Works 
Journal, 18, 773-774 (July, 1946). 

An appeal is made for more attention in 
research, design and operation, for final 
sedimentation, particularly that of filter 
effluents. “Inefficient humus removal is 
the cause of much trouble.” 

Biological Filtration. The interest in 
biological filtration in England is evidenced 
by the number of articles discussed. The 
following quotation is of interest: 


“When considering American data, it is 
well to remember that many of their high- 
rate plants produce results which in this 
country would be regarded as only partial 
purification; most of our rivers are too 
small to stand ill-treatment. Allowance 
must also be made for the dilute nature of 
many American sewages, owing to the high 
water consumption in that country.” 


Sludge Treatment and Disposal. Goon- 
posting of sewage sludge with straw or 
house refuse has attracted considerable at- 
tention. 

The work of W. Parker at the West Mid- 
dlesex Sewage Works on propulsion of 
road vehicles by sludge gas is discussed. 
Mr. Parker “does not appear to expect 
compressed methane to come into general 
use as a motor fuel... unless petrol 
prices increase.” 

Mention is made of the use of methane 
gas during the war in the manufacture of 
fire bombs. This “probably constituted 
the first instance of the successful use of 
sewage as a weapon of war.” 

Trade Effluents. Increasing importance 
of trade waste problems is stressed. The 
nature of the problem is evidently little dif- 
ferent than that experienced in this coun- 
try. 

River Control. “In administration, un- 
doubtedly the outstanding factor is the 
definite decision to establish river boards 
for the whole country, having comprehen- 
sive functions covering pollution preven- 








act 
rks 


ial 
00 
ce 
of 


rh 


or 
t- 


d- 
of 


et 
0] 
1° 
yf 


d 
iT 





Vol. 19, No. 6 


tion, fishery protection, drainage, and, in 
certain circumstances, navigation.” 
GeRARD A. ROHLICH 


Sewer Maintenance. By J. M. Ripper. 
The Surveyor, 105, 167 (March 1, 1946). 
This is a very well written, interesting 

article discussing the maintenance and re- 

pair problems of sewers in certain areas of 

Glasgow. Many of the sewers are at least 

over 100 years old. 

The problems of sewer workers’ ills are 
described with particular reference to the 
incidence of Weil’s disease. 

GerarD A. ROHLICH 


Rochdale Kessener Brush Aeration Plant 
(Diseussion at Northwestern Branch 
Meeting of Institute of Sewage Purifica- 
tion). The Surveyor, 106, 85-87 (Jan. 
31, 1947). 

The original paper was prepared by D. 
H. A. Price and I. Withnell. See The Sur- 
veyor, July 5, 1946. (Abstract in Sewage 
Works Journal, 19, 131 (1947).) 

Gas liquor has been the major problem 
in the operation of this plant. This in- 
dustrial waste reached the plant in “slugs.” 
One “grab” sample had a 4 hour oxygen 
consumed value of 1,580 p.p.m. The au- 
thors indicated that the filters did not with- 
stand the shocks of gas liquor as well as 
the activated sludge plant. 

The authors disagreed with the conten- 
tion that nitrates induce algae growths. 
They contended that a non-nitrified effluent 
was more likely to produce algae growths 
than was a nitrified effluent. However, H. 
Taylor in discussing this conclusion stated 
that there was a considerable body of ex- 
perience to indicate that algae growths were 
promoted by nitrate and the fact that algae 
growths did not oceur with inereased nitri- 
fication meant that some inhibiting factor 
other than nitrate was present. H. Tay- 


lor also noted that when troubles due to « 


nitrates were referred to, the growths were 
not in the plant effluent but in the water 
which received the effluent. He further 
stated that most operators found that when 
an increase in nitrates occurred during 
the summer, rising of humus sludge took 
place particularly in the case of filter 
plants, 
Paut D. Haney 
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Laying Sewers Across Valleys. By L. B. 
Escrirtr. The Surveyor, 106, 75-77 
(January 31, 1947). 


When it is necessary for a main sewer to 
cross a river, valley, railway cut or other 
depression the engineer has the choice of 
several courses of action. In some in- 
stances pumping may be the solution. In 
others it may be possible to change direc- 
tion and avoid the depression. Other alter- 
natives are carrying the sewer above 
ground on a bridge or constructing an 
inverted siphon. 

The principal problems involved in 
above-ground construction are structural, 
and careful consideration must be given to 
the support of the pipes and to allowances 
for expansion and contraction. Exposed 
metal pipes should be protected against 
corrosion. Internal protection is desir- 
able in metal pipes which do not perma- 
nently run full. Pier foundations should 
be carried to firm bearing and the piers 
should be designed to withstand wind pres- 
sure. Pipes may be carried on lattice 
girders where the spans are too great for 
the pipes themselves to take the bending 
moments. Where large sewers are car- 
ried at considerable height above ground 
level and appearance is a major factor it 
may be found advisable to go to the ex- 
pense of constructing a brick or masonry 
aqueduct. 

The main difficulty with inverted siphons 
is silting and this is caused by the fact that 
these siphons have to be made large enough 
to accommodate the maximum rate of flow 
with the result that at normal flow self- 
cleansing velocities are not obtained. 
Furthermore such velocities are higher for 
siphons than for normal sewers because the 
rising leg of the siphon provides a gradient 
up which the particles must be carried. 
Difficulties in siphon design increase when 
there is little fall available and when the 
maximum rate of flow greatly exceeds the 
average rate. Designs then have to be 
carefully considered and two or more 
siphons provided to accomniodate the 
fluctuating flow. (Examples of siphon de- 
sign are given.) ; 

One method which has been used to in- 
sure self-cleansing conditions is to provide 
a sewage flush tank at the head of the 
siphon. This insures that the sewage 
passes through the inverted siphon in 
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periodic doses at a high rate of flow. 
However, the operation flush tanks require 
considerable head which may not be avail- 
able. 

Because inverted siphons operate under 
pressure they should be constructed of 
strong materials such as east iron, steel 
tubes, reinforced concrete, ete., according 
to size. Attention should be given to the 
construction of manholes at top and bot- 
tom ends. Siphons should have bellmouth 
entrances and well designed outlets to re- 
duce transition losses. When two or more 
siphons are used arrangements should be 
made that will permit flushing each siphon 
independently. Cleanouts should be pro- 
vided at the lowest point of each siphon. 
Long siphons should have cleanouts at in- 
tervals of not exceeding 360 ft. to make 
rodding possible. Water flushing arrange- 
ments should be provided. 

Pau. D. HANEY 


Sewerage and Sewage Disposal in 1946. 
The Surveyor, 106, 131-133 (March 7, 
1947); 149-151 (March 14, 1947), 163- 
165 (March 21, 1947). 


One of the important factors contribut- 
ing to the impetus given to research work 
in the sewage works field has been . the 
changed attitude of local authorities toward 
research programs. These authorities are 
beginning to realize that research pays. 

No very striking change in administra- 
tive practices occurred during 1946, but 
there is a general feeling that in many in- 
stances local authorities could, with ad- 
vantage, cooperate more closely. On sev- 
eral occasions the policy of operation on an 
aerial basis has been recommended for 
dealing with problems of sewage purifica- 
tion which are likely to arise in rural dis- 
tricts. The installation of public water 
supplies in rural areas with its natural 
corollary of sewage disposal has not yet 
proceeded far enough to indicate whether 
this policy will be followed. 

General policy in sewerage is toward sep- 
arate or partly separate systems. The 
overflows from combined sewers have been 
responsible for much river pollution. 
Modern opinion leans toward the view 
that once domestic sewage or industrial 
waste has entered a sewer its only destina- 
tion should be a sewage treatment plant. 


November, 1947 


On a nation-wide basis there is no doubt 
that the operation of sewage disposal 
works is becoming more efficient. How- 
ever, poor salary scales and conditions of 
service make it difficult to obtain qualified 
technical personnel. 

The most pronounced trends in sewage 
works design appear to be toward intensi- 
fication and mechanization. Increased 
mechanization is apparent at nearly every 
stage of the treatment process. There also 
seems to be a tendency toward reduction of 
the time lag between discovery and appli- 
eation. This is justified by the fact that 
much present day experimental work is 
thorough and the results may, therefore, 
be applied with some confidence to full 
seale works. 

Measures taken to protect sewers and 
sewage disposal works against damage 
from settling due to mining activities have 
met with some success. 

Both in sereening and grit removal the 
tendency is to remove less solid matter 
than formerly. Fine screening is now un- 
usual and a genuine attemp: is made to 
design grit chambers which remove noth- 
ing but grit. 

Sedimentation tanks which require man- 
ual operations for sludge removal are be- 
coming unpopular. There is also a move 
toward reduction in the theoretical deten- 
tion time provided in sedimentation tanks. 
The present-day average detention time is 
six to eight hr. on the basis of dry weather 
flow. The use of chemicals to assist sedi- 
mentation is still restricted to special cases, 
but their use may be justified when it is 
essential to give relief to an overloaded 
plant and when stream flow is sufficient to 
make full treatment unnecessary. 

Some work has been done on mechani- 
eal flocculation and more is in progress. 
In order to justify itself mechanical floceu- 
lation has only to show a modest improve- 
ment over plain sedimentation since the 
costs of installing and operating it are not 
great. 

Of the newer methods of trickling filter 
operation, recirculation of the effluent is 
the one receiving the most attention. 
Varying the rate of recirculation roughly 
in inverse proportion to the flow of sewage 
offers possibilities of economy in design 
and efficiency in operation. 

Experiments with DDT for the control 
of filter flies are under way. 
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The variation in efficiency of trickling 
filters may be due to the growth, distribu- 
tion and disintegration of the biological 
films on the filter media. 

Of particular interest in the activated 
sludge field is the “picket fence” sludge 
thickener employed at one plant. At acti- 
vated sludge plants where thickening of 
the waste activated sludge is desirable this 
method can remove about 80 per cent of the 
water in a thickener having a detention 
time of two hours. Another interesting 
development has been the installation of a 
new dome shaped diffuser at the Man- 
chester plant. 

Digestion followed by dewatering on 
open drying beds is recognized as the 
standard method of sludge treatment but 
there is a willingness to employ more com- 
pact methods if they can be proved effee- 
tive and not too expensive. There is 
indirect evidence that the suggestion that 
it might be profitable to introduce an 
aerobic stage between anaerobic digestion 
and the drying beds merits investigation. 

Considerable quantities of sludge are still 
dumped into the ocean but dumping on 
land is much less common than it was 10 
years ago due to the demand for sludge as 
a fertilizer. Incineration has never had 
wide appeal but reports on the usefulness 
of dried sludge as a fuel may put a dif- 
ferent complexion on this matter particu- 
larly in view of the need for fuel economy. 
The present acute fuel shortage supports 
the. ease for the wider use of sludge gas. 
Furthermore pure methane can be pre- 
pared from sludge gas and this pure gas 
can be used as a starting point for sythe- 
sizing various organic compounds. (Ab- 
stractor’s note: See Sewage Works Journal, 
19, 700 (July, 1947).) 

Significant information in connection 
with sewage chlorination is the report that 
free chlorine in a concentration as low as 
0.3 p.p.m. is appreciably toxic to fish life. 
Chlorine appears to be especially toxie in 
the case of sewage plant effluents which 
contain thiocyanate derived from gas liquor 
or other chemical wastes. Experiments 
have shown that liquids containing non- 
toxie concentrations of thiocyanate become 
strongly toxie after chlorination, the period 
of survival of the fish diminishing as the 
dose of chlorine increases. 

There are indications that in industrial 
areas industrial waste pollution is coming 
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to be regarded as a much greater threat 
than domestic sewage to aquatic life. One 
investigation has demonstrated that chemi- 
eal poisoning of a stream may remain un- 
detected by the type of analysis normally 
carried out on stream waters but be quickly 
discovered by biological investigation. It 
was coneluded that both methods should be 
employed in stream investigation. 

The projected rivers boards with com- 
prehensive powers and duties have not yet 
been established; however, it is certain that 
they will ultimately be created. 

Pau D. Haney 


Limestone Used to Neutralize Acid 
Wastes. By A. L. Rermwu. Chemical 
Engineering, 54, 100-101 (July, 1947). 


Upflow beds of limestone combined with 
an aeration system have proved to be an 
effective means of neutralizing the wastes 
from acid dipping and plating works at 
the General Electric Company’s Philadel- 
phia works. The neutralized effluent is 
recirculated and in conjunction with an 
eductor is used to lift the raw waste into 
the treatment plant. This arrangement 
avoids the use of expensive acid pumps. 
The treated effluent is discharged into the 
Schuylkill River. 

Limestone beds are advantageous for 
the treatment of acid wastes because they 
are simple to construct and require little 
maintenance. 

Under present conditions the Philadel- 
phia plant uses about 60,000 gal. of vari- 
ous acids annually. About 40,000 gal. of 
water are used annually for washing. The 
wastes from the acid dipping and plating 
operations usually have a pH of 3.9 to 4.4 
but the pH may be 1.9 or less when spent 
acids are being dumped. The average 
rate of flow of all wastes from dipping, 
washing and rinsing activities is approxi- 
mately 200 g.p.m. Various samples of 
the raw waste indicated a composition as 
follows: Floating material (grease, oil, 
ete.), 50-500 p.p.m.; sediment, 600-2,500 
p-p.m.; pH 1.9-4.4. 

Preliminary tests on a small scale indi- 
cated that to keep the 18 in. to 24 in. lime- 
stone neutralizing beds clear of slime, 
sludge, ete., a rate of flow between 40 and 
50 g.p.m. per sq. ft. is necessary. Checks 
were made to determine the effectiveness 
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of the bed and the necessary dilution of 
the raw waste to insure an effluent pH of 
not less than 5. Acid waste going to the 
bed with a minimum pH of 3 was easily 
brought to pH 5. Values lower than 3 re- 
sulted in a deposition of calcium sulfate 
on the limestone. 

A neutralized effluent of pH 5 could be 
brought to pH 6 by agitation for a few 
minutes to liberate carbon dioxide. 

In an 8 hr. period with a raw waste flow 
rate of 200 g.p.m. and containing 150 to 
200 gal. of acid waste the consumption of 
limestone averaged between 5 and 10 eubic 
feet. The limestone media used varied in 
size between 2 and 3 mm. 

For best results the beds should be con- 
strueted to give uniform flow over the en- 
tire area without channeling. 

The design finally adopted involved the 
use of a three compartment skimming and 
settling tank and two upflow limestone 
beds. Effluent is recirculated the recireu- 
lation ratio being approximately 2:1. 

Paut D. HANrEy 


Waste Pickle Liquor. By Ricuarp D. 
Hoax. Industrial and Engineering 
Chemistry, 39, 614-618 (May, 1947). 


The quantity of iron and steel produced 
annually in the United States from which 
the film of oxide must be removed before 
the finishing operations can be successfully 
applied has increased; for tin, terne and 
black plate from about 1,000 tons in 1891 
to 4,328,000 tons in 1941; for galvanized 
products to 5,746,000 tons in 1941. Most 
of this tonnage was surface-cleaned by 
“pickling” in solutions of .the acids: sul- 
furic, hydrochloric, nitric, hydrofluoric, 
and phosphoric, individually or in different 
combinations; more than 90 per cent was 
pickled in sulfuric acid. Hence, this paper 
deals principally with spent sulfate pick- 
ling liquors. The approximate composi- 
tions of the waste liquors from bateh pick- 
lers and continuous picklers are by weight 
respectively, as follows: from 0.5 to 2 per 
cent and 4 to 7 per cent free sulfuric acid; 
from 15 to 22 per cent and 14 to 16 per 
cent ferrous sulfate. The total annual 
volume of waste pickle liquor made in this 
eountry has been estimated to be in excess 
of 600,000,000 gal.; less than 4 per cent 
of it could supply all the copperas, 
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FeSO,-7H.0, for which markets are avail- 
able. The disposal of the spent liquors 
has been one of the steel industry’s serious 
problems for more than fifty years. Meth- 
ods of disposal mentioned are: discharg 
ing the untreated waste liquor into water 
bodies, sanitary sewers, lagoons and slag 
dumps. Also pretreatment with lime and 
discharging the resulting slurry into la- 
goons, or into settling basins from which 
the neutralized and clarified effluent flows 
into a receiving water way and the sludge 
is transported to a suitable dump. 

Several of the more important of the 
eighty-odd processes proposed for the treat- 
ment of waste pickle liquor for recovery of 
byproducts are briefly described and their 
relative advantages and disadvantages are 
stated under the following headings: 
copperas, copperas and free acid, ferrous 
sulfate monohydrate, ferrie sulfate and 
sulfurie acid, iron oxide and sulfuric acid, 
electrolytic iron, iron powder, iron oxide 
pigments, construction material (Ferron), 
ammonium sulfate, and miscellaneous in- 
organic compounds. Most of these pro- 
posed processes have not passed beyond 
the laboratory stage; a few have been sub- 
jected to pilot plant investigations. 
There are several plants in operation for 
recovery of copperas from the spent 
liquors. 

The researches on waste pickle liquors 
conducted since 1938 by the American Iron 
and Steel Institute’s Industrial Fellowship 
at Mellon Institute are reviewed in some- 
what more detail and include eight major 
investigations. 


(1) It was discovered that ferrous sul- 
fate could be used in place of gypsum to 
regulate the setting time of Portland ce- 
ment. Utilization of copperas, obtainable 
from spent pickling liquor, for this pur- 
pose would involve satisfactory results in 
service tests of this somewhat darker col- 
ored cement, amendments to the A. S. T. 
M. specifications for cement, and a process 
for recovering the copperas at a_ cost 
whereby it could compete with the price of 
gypsum. 

(2) A new process (Differential Solu 
bility) was developed using acetone to 
separate about 95 per cent of the copperas 
from the waste pickle liquor and recover 
most of the free sulfuric acid in a condi- 
tion suitable for reuse in the picklers. 
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This process requires the use of a volatile, 
inflammable solvent and to be economically 
feasible the recycling of 99.5 per cent of 
the acetone. 

(3) A method was devised for the 
preparation from spent pickling liquor 
and other chemicals of a 60 per cent ferric 
chloride sviution and a fairly pure sodium 
sulfate. The method involves a number 
of unit operations, but might have appli- 
cation in localities where the spent liquor 
was readily available and there were 
near-by markets for the ferric chloride and 
sodium sulfate. 

(4) The shortage of manganese, essen- 
tial for the production of steel and certain 
alloys, in the early days of the war led to 
the development of a process in which low 
grade manganese ores were ball-milled 
with waste pickle liquor, the clarified ex- 
tract was treated with calcium chloride, 
the precipitated gypsum filtered off and lime 
slurry added to the filtrate. A concen- 
trate containing 60 per cent or more of 
manganese was obtained; also the two by- 
products of low value, gypsum and iron 
oxide. However, most of the suitable ores 
are mined at great distances izom the cen- 
ters of steel manufacture. is 

(5) Magnesia of 91 to 94 per cent 
purity was prepared by treating waste 
pickle liquor with calcium chloride, filter- 
ing out the gypsum formed, removing the 
iron from the filtrate with dolomitie lime 
slurry, then adding more dolomitic lime to 
precipitate the magnesia. The calcium 
chloride brine was concentrated and _ re- 
eyeled. Evaporation of large quantities 
of wash waters is a disadvantage. 

(6) Ammonium sulfate of good quality 
and a magnetic oxide which separates read- 
ily from the solution have been prepared 
after extensive study of the physico-chem- 
ical factors involved when waste pickle 
liquor is treated with ammonia. Based on 
results of small pilot plant investigations 
this process appears to be sound and 
further developments are in progress. 

(7) Since several steel mills, presently, 
and probably most of the smaller mills in 
the future will have to depend on neutra- 
lization processes for the treatment of their 
spent pickling liquors, extensive researches 
have been conducted on the compara- 
tive reactivity of several neutralizing 
agents, especially different kinds of lime- 
stones and limes. Much new and useful 
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information has been obtained. Dolo- 
mitie limestones were found to be un- 
satisfactory for treatment of waste pickle 
liquor; for best results with high eal- 
cium limestones they should be pulverized 
to approximately 200 mesh size. Both 
high caleium and dolomitie limes gave good 
results, but a slight excess of the latter was 
necessary to complete the reactions. In 
some localities the use of dolomitie lime 
would be economically advantageous. 
Aeration during neutralization was found 
to increase the rate of reaction and to pro- 
duce a much more rapid settling of the 
suspended solids. A split limestone-lime 
process has been developed and where high 
calcium pulverized limestone is available 
at approximately 56 per cent of the cost 
of calcium oxide equivalent as quick lime, 
economies in neutralization of waste pickle 
liquor can be made by application of the 
split-type treatment. One steel company 
has already installed this process. 

(8) Preliminary investigations on the 
treatment of stainless steel spent pickling 
liquors with high calcium lime have shown 
that a good quality of calcium nitrate, use- 
ful as a fertilizer, can be obtained; also a 
slurry of metallic oxides which could be 
sintered for recharging to the furnace. 
The relative advantages and the objection- 
able features of the processes are briefly 
discussed. Researches on some of the 
more promising processes are being con- 
tinued. A number of references are 
given. 


W. W. Hopce 


Acid Mine Drainage. By J. RaymMunpD 
Horrert. Industrial and Engineering 
Chemistry, 39, 642-646 (May, 1947). 


This paper deals with the acid drainage 
from coal mines, drift, shaft, and “strip” 
mining; also with the silt (mainly from 
anthracite breakers); materials which have 
for years polluted many streams. The 
acid mine drainage appears to be formed 
by a “natural” reaction when the coal is 
exposed to air and water and has been 
accepted as an unavoidable evil resulting 
from the necessary mining of the coal 
which in 1944 amounted to 620,000,000 net 
tons of bituminous coal and 63,701,350 tons 
of anthracite and gave direct employment 
to 460,600 persons. Although many coal 
mines discharge alkaline water, from most 
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of them there issues acid-impregnated mine 
water the total volume of which is un- 
known, but is enormous. The acid mine 
drainage discharged during 1932 from the 
coal mines in West Virginia alone has 
been estimated at an average of about 
168,349,000 gal. per day. The volume and 
acidity vary from mine to mine, but a 
probable average is 1,000 gal. per day per 
acre of mined-out area. Abandoned coal 
mines usually “make” the most acid waters 
and continue to do so for many years. 
The concentration of the acid ranges from 
less than 100 to nearly 50,000 p.p.m., with 
typical values of about 100 to 6,000 p.p.m. 
as sulfnrie acid. Other substances usually 
present are: iron sulfate 10 to 1,500 
p.p.m.; aluminum sulfate 0 to 350 p.p.m.; 
and manganese sulfate 0 to 250 p.p.m. 
(the latter three reported as oxides). 
Estimates made by the U. 8. Publie Health 
Service and U. S. Army Engineers placed 
the quantity of acid carried by the Ohio 
River and its tributaries prior to the 
program for sealing abandoned coal mines 
which started in 1933-34, at the equivalent 
of 2,500,000 tons of concentrated sulfuric 
acid per year. Of this amount, 47.4 per 
cent was credited to abandoned mines, 
7.2 per cent to marginal mines, and 44.75 
per cent to active mines. The sealing of 
abandoned coal mines in Pennsylvania up 
to 1938 was estimated to have reduced the 
acid discharged by 177,000 tons per year, 
but there was still being discharged from 
the coal mines 1,075,000 tons of acid per 
year. Mine drainage presents numerous 
anomalies and to date no general relation 
has been proved between the per cent of 
sulfur in the coal in a mine and the acidity 
of the drainage from the mine. 

The source of the acid in mine waters is 
the sulfur bodies in or associated with the 
coal measures, principally the iron sulfides 
(FeS.) pyrites and mareasite which react 
with air and water to form the sulfates 
found in the mine drainage. The equa- 
tions given to indicate the probable chemi- 
cal reactions involved are as follows: 


2F eS. + 70. + 2H.0 > 
2FeSO, + 2H:SO,, (1) 
2FeSO, + 30. + 2H.SO, —? 
Fe.(SO,)s + H.0 + H.SO,. (2) 


Combining the two reactions in order to 
determine the final outcome of the oxida- 
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tion, 


4FeS. + 150. + 2H.0 > 
2Fe:(SO.); + 2H:SO;.. (3) 


Finally, when other entering streams 
bring the acid concentration down suffi- 
ciently, the ferrie sulfate in turn hydro- 
lyzes, 


Fe.(SO,) 3 + 6H.0 —> 
2Fe(OH): + 3H:80. (4) 


These equations show how the end prod- 
ucts may be formed, but the mechanism of 
the reactions has not been fully investi- 
gated and there is evidence that bacterial 
action may play a role in the formation of 
the sulfates and of the final products. 

The effects of acid mine drainage on the 
receiving streams are discussed. The sul- 
furie acid and soluble sulfates of iron and 
aluminum which hydrolyze to form acid 
‘ause hardness of the water, greatly in- 
crease the rates of corrosion of rivercraft, 
lock gates and other steel structures, may 
make the river unfit for watering stock, and 
make it very expensive or impossible to 
satisfactorily treat the river water for use 
in municipal or industrial water supplies. 
Sudden changes in stream flow and acidity 
may destroy the bacterial film on filters 
upon which much of the safety of the water 
for potable purposes depends, unless the 
waterworks man “knows his river’’ and 
acts quickly and correctly. If a river also 
receives domestic séwage the acid mine 
drainage holds this organie matter with- 
out biological action and often leaves the 
solids mixed with other sediment on the 
stream bed. When the acid concentration 
is sufficiently diluted by freshets or down 
stream by inflowing neutral or alkaline 
tributaries the bacteriostasis ceases and the 
stream may become little more than an 
open running septic tank. The iron com- 
pounds frequently color the stream, its 
banks and bed yellow through orange red 
to reddish brown and may form sludge de- 
posits. 

The corrective measures proposed are 
outlined and their shortcomings stated. To 
date there is no recognized practical method 
of treating this acid mine drainage pollu- 
tion. If treated with limestone, the cal- 
cium sulfate formed on the surfaces of 
the stone soon stops the neutralizing ac- 
tion. For every ton of coal mined in 
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Pennsylvania an average of about ten tons 
of water must be disposed of, hence the 
capital cost for construction of a treating 
plant, even if limestone was a satisfactory 
reagent, would be excessively high. The 
proposition of obtaining usable by-prod- 
ucts was extensively investigated in a 
large neutralization plant, at the Calumet 
Mine in Pennsylvania. It ceased opera- 
tions after a few years, principally because 
of lack of markets for the by-product iron 
oxide and the high cost for disposing of 
the large amounts of sludge which was 
“too thick to pump and too thin to 
shovel.” Even if the process had been 
economically feasible the resulting water 
would be highly mineralized and expensive 
to treat or soften for domestic, power plant 
or industrial uses. 

The one present method which offers 
hope for abatement of stream pollution by 
acid mine drainage is the sealing of aban- 
doned mines so as to exclude air from 
entering the mine and providing a trap 
outlet through which the water in the mine 
can readily flow out. Ground plan and 
vertical section drawings are given of one 
form of typical mine seal; also one picture 
of the outlet works of a sealed mine. 
Mine sealing cannot be applied to active 
workings in mines because large volumes 
of fresh air must be constantly supplied 
to the working faces for the safety of the 
miners. It is hoped that mine sealing can 
be applied to some of the mined-out areas 
of active mines, but this involves problems 
of mining laws, prevention of the forma- 
tion of explosive mixtures in “gassy” 
mines, and other practical questions, in- 
eluding .economics. Other methods pro- 
posed as useful palliatives to minimize the 
evil effects of acid mine drainage until a 
real solution is found are: (1) multiple- 
use dams to increase dry weather flows; 
and (2) diversion of acid drainage from 
clean to already polluted streams, as pro- 
vided for by recent legislation in Penn- 
sylvania. 

The great increase in recent years in 
“strip” or open-pit mining of coal has 
necessitated a new type of sealing. To 
protect streams the sulfur-bearing refuse, 
coal, bone, ete., should be segregated and 
covered over with selected material, well 
compacted and graded to shed rainfall and 
minimize the percolation of water and air 
through it. Also, the exposed coal face 
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or “high-wall” should be back-filled to ex- 
clude air. Another method is to form 
lakes in the pits thus drowning out the ex- 
posed coal and stopping its oxidation. 
The danger from stripping operations lies 
in part in the insidious time lag between 
the mining and the appearance of acid 
drainage. 

The most important step is to find a prac- 
tical cure for the ills of acid mine drainage 
and fortunately fundamental research is 
now going forward. The State Health 
Department and the Sanitary Water Board 
of Pennsylvania have two Fellowships in 
operation at Mellon Institute of Indus- 
trial Research in Pittsburgh, Pennsy]l- 
vania. One of these deals with the effect 
of acid mine drainage on sewage and other 
wastes discharged to streams, the other 
with the major problem of the mechanism 
of, and means for minimizing or prevent- 


‘ing, the formation of the acid mine water. 


Also, for the past several years, Bitumi- 
nous Coal Research, Ine., has sponsored 
a Fellowship conducting fundamental 
research on the acid mine drainage prob- 
lem at the Engineering Experiment Sta- 
tion at West Virginia University. Con- 
siderable knowledge has been obtained 
on the properties of and probable mechan- 
ism of formation of the acid mine water; 
some previously proposed hypotheses 
have been found to be untenable. Valu- 
able work has been done in developing 
more rapid, yet acceptable testing and 
analytical procedures for this type of in- 
dustrial waste, and further evidence has 
been obtained on the possible role of bac- 
teria in the production of acid mine water. 

The control of silt has been insisted upon 
in recent years by the Pennsylvania Sani- 
tary Water Board and many collieries 
have already stopped the discharge of silt 
into streams. In 1926 geologists esti- 
mated there were 900,000,000 tons of silt 
and culm in the Schuylkill and Susque- 
hanna Rivers. As of 1936 the U. S. Army 
Engineers estimated there were 24,000,000 
eu. yd. of silt and culm in the Schuylkill 
River above the Fairmont dam at Phila- 
delphia, with a 650,000 ton annual influx. 
In the 1943-44 twelve-month a central 
generating and a central steam heating 
plant in Harrisburg, Pennsylvania, to- 
gether burned 230,330 tons of this river 
coal. Today the coal washeries are gradu- 
ally going out of business and the days of 
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blocked sewers and silt-filled stream chan- 
nels are passing. By the installation of 
properly designed silt sedimentation basins, 
of mechanically cleaned clarifiers or froth 
flotation plants for removing minus 200- 
mesh material, effluents of relatively low 
or almost zero turbidity are being obtained. 
One company’s installations serving three 
collieries are reported to have cost over 
$1,500,000. Stoppage of silt discharge is 
weil in hand and removal of silt from the 
most heavily silted streams in the Com- 
monwealth has begun. 

The author expresses the hope that, 
through similar cooperation between coal 
operators, public officials, and research 
workers, a way will be found to stop the 
gross pollution of acid mine wastes. 


W. W. Hope 


Pulp and Paper Industry. By L. F. War- 
RICK. Industrial and Engineering Chem- 
istry, 39, 670-676 (May, 1947). 


The importance of abundant supplies of 
suitable quality water for use in pulp and 
paper mills is stated. <A brief historical 
résumé traces the efforts made to find ways 
and means for taking care of the objection- 
able wastes from the mills: initially by 
individual companies; next by regional 
groups, such as the Wisconsin sulfite pulp 
manufacturers; and now by the industry- 
wide program of the National Council for 
Stream Improvement (of the Pulp, Paper 
and Paperboard Industries), Ine., begun 
in 1944. The general problem in abate- 
ment of pollution by pulp and paper mill 
wastes is discussed. The quality of efflu- 
ents discharged should be considered in 
relation to uses of these waters for drink- 
ing and domestic purposes, power pro- 
duction, propagation of fish, oysters and 
other aquatic life, agricultural, recreational 
and other purposes. Three major objec- 
tionable properties of pulp and paper 
mill wastes are: (1) fibrous wastes have 
formed sludge deposits in the receiving 
streams which interfere with spawn and 
spawning of fish, entrap organic matter 
which decomposes, especially in warm 
weather, forming gas which creates offen- 
sive conditions and often large portions 
of the sludge are carried to the surface by 
the gas bubbles; (2) high oxygen demand 
which depletes the dissolved oxygen in 
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the stream thus producing nuisance con- 
ditions, bad odors, and fish killings; (3) 
some of the wastes may contain or react 
to produce toxie substances which destroy 
aquatie life and endanger the domestie, 
municipal, and agricultural (for watering 
stock and for irrigation) water supplies. 
Specific cases of serious pollution and some 
remedial measures are described. At ‘one 
mill the eondition of the receiving stream 
was much improved by; installation of 
machines to reduce fiber losses, providing 
for the sulfite pulping waste, a storage 
pond having a eascade spillway for aera- 
tion of the wastes to decrease their rapid 
absorption of the dissolved oxygen in the 
stream, and addition of storage water to in- 
crease the dry weather flow of the river. 
Mechanical aeration of another stream 
overloaded with sulfite waste was started 
in 1945 and produced beneficial results. 
This is an ameliorating method for sup- 
plementing the content of dissolved oxy- 
gen in the river during periods of low flow 
or other emergency conditions pending 
acceptable means of abating pollution at 
its souree. 

Mill effluents are broadly classified into: 
(a) chemical pulping wastes; and (b) 
white water (fiber) wastes. Pulping proe- 
esses discussed under (a) are: sulfite 
(acid); sulfate (alkaline), de-inking, rag, 
and groundwood; under (b) wastes from 
paper and paperboard mills. The chemi- 
cals used and successive unit operations 
applied in these processes and for several 
methods for treatment of the spent liquors 
are outlined. 

In the sulfite pulping process about 50 
per cent of the weight of the wood is in 
soluble waste products and they amount 
to about one ton for every ton of sulfite 
pulp made. These waste materials are 
discharged in 2,500 gallons of spent liquors 
which normally contain around 10 per 
cent of solids, mostly lignin and earbo- 
hydrates. Quantities and compositions 
vary according to the woods used and 
method of cook. Data for pulping of 
spruce and poplar are given on a 10 per 
cent solids basis in percentages, respec- 
tively, as follows: lignin 4.6 and 3.7, car- 
bohydrates 2.3 and 3.2, sulfur dioxide 
combined with lignin 1.7 and 1.6; the other 
constituents are proteins, resins, fats and 
calcium oxide combined with lignosul- 
fonie acid. Procedures for solution of the 
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sulfite waste problem have varied all the 
way from changing the principles of the 
process of sulfite pulping to ponding or 
lagooning the wastes—and from utilization 
to disposal of the liquors. 

Utilization processes briefly discussed in- 
clude: the Howard process for production 
of vanillin, plastics and other products, 
but which leaves the carbohydrates and 
other materials of high oxygen demand 
in the effluent. Studies conducted by the 
Sulphite Pulp Manufacturers Research 
League lead to the utilization of the spent 
liquor as a road binder, a binder for coal 
briquettes, for manufacture of adhesives 
and various other products. <A_ biological 
method for production of fodder yeast 
has been worked out by which the oxy- 
gen demand can be reduced 60 per cent 
and the remaining lignin easily separated. 
One sueh commercial seale plant has 
been installed at a Wisconsin sulfite 
mill. Considerable has been accomplished 
in the long range research program on 
waste lignin utilization being conducted 
by the Institute of Paper Chemistry. 
One of the products is ethyl vanillate 
which offers promise of wide use as a 
food preservative. The production of 
ethyl aleohol from sulfite waste liquor has 
been investigated for many years. One 
plant is in operation in Ontario and 
another in Washington. The process is 
economically feasible in Scandinavia and 
Germany beeause of the higher price of 
aleohol. From the standpoint of stream 
improvement the fodder yeast process ap- 
pears more promising since it utilizes both 
the fermentable and non-fermentable 
sugars in the waste liquor. 

Applications of sewage treatment meth- 
ods, especially the trickling filter process, 
to sulfite waste liquor were investigated by 
the League and more recently on a_ pilot 
plant seale by the National Council for 
Stream Improvement. Results showed the 
oxygen demand of the liquor ean be sub- 
stantially reduced if the proper nutrient 
materials are added, but further research 
is necessary before the trickling filter can 
be satisfactorily applied for treatment of 
spent sulfite liquor. Experiments in 
evaporation and burning of calcium-base 
sulfite liquors have been unsuccessful. 

Of outstanding importance is the in- 
stallation on a mill seale at Longview, 
Wash., of a pulping process in which mag- 
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nesium replaces the usual caleium base of 
the cooking liquor. The waste liquor is 
concentrated to about 45 per cent solids 
and then burned in boilers for its fuel value 
and the base is recovered for making new 
cooking liquor. Efficient chemical recov- 
ery is necessary for satisfactory economies 
of the process. 

A few sulfite pulping mills have partially 
or entirely solved their individual prob- 
lems by producing from the waste liquors: 
adhesives, ingredients for hardening ce- 
ments, vanillin, plastics, insecticides, fer- 
tilizers, and materials for use in the manu- 
facture of dyes, in electroplating, in 
emulsions, in tanning, ete. Since one 
large sulfite mill could in one day’s opera- 
tion produce enough waste liquor to take 
care of the annual needs of this country 
for some of these products, such utilization 
is not very encouraging from the point of 
view of stream improvement. 

In the sulfate (alkaline) or kraft pulp- 
ing process a recovery system is now an 
integral part of the mill. Efficient recov- 
ery of chemicals is attained by concentrat- 
ing the strongly alkaline liquors, then 
burning them in incinerators. The re- 
covered chemicals are used in making new 
cooking liquor. Some losses which con- 
tain polluting materials occur in the 
black liquor, final pulp washings, conden- 
sate from evaporators, digester degassing 
condensates, and blow down condensate 
from the digesters. However, 'the effluents 
from these mills have much lower oxygen 
demand than sulfite waste liquors. Some 
of these wastes contain toxic materials; 
also produce objectionable odors. Stream 
improvement necessitates control of mer- 
captans, turpentine, sulfides, disulfides, 
and methyl aleohol found in the losses 
mentioned. Recent installations for tur- 
pentine recovery (1 to 3 gal. per ton of 
pulp) remove a major source of toxie ma- 
terial. Tall oil, skimmed from the black 
liquor, is now reclaimed in most mills for 
use in the manufacture of soaps and 
paints; if not recovered it should be 
burned to avoid pollution. The large 
quantities of lime sludge produced in sul- 
fate and kraft mills are detrimental to fish 
and aquatic life if discharged to streams; 
hence most mills dispose of the sludge by 
recovering it for reuse in the process, 
lagooning it or by vacuum filtration with 
subsequent utilization as agricultural lime. 
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De-inking wastes eontain ink, coloring 
materials, glue, rosin, dirt, paper-clay or 
filler and some fiber; hence are important 
from the pollution point of view. Old 
paper stock may contain 5 to 50 per cent 
of clay and treatment involves a difficult 
problem of solids disposal. One mill pro- 
ducing 60 tons of finished paper per day 
had to dispose of 1,000 tons of solids every 
month in keeping its wastes out of a 
stream. Lagooning has met with some 
success, but odor control is a problem. 

In the pulping of rags for high grade 
bond and writing paper the coffee colored 
strongly alkaline spent cooking liquor and 
wash water amount roughly to 500 gal. 
per ton of pulp. This waste has a high 
oxygen demand, hut the small volume gives 
the waste a comparatively low oxygen de- 
mand per ton of product. Where pos- 
sible, the treatment of this waste along 
with municipal sewage should be consid- 
ered. 

In the groundwood process about 90 per 
cent of the weight of the wood is recovered 
as pulp. The wastes are mainly fibrous 
and have a relatively low oxygen demand. 

In the paper and paperboard mills the 
installations in recent years of “save-alls” 
have recovered much usable fiber and econ- 
tributed substantially to stream improve- 
ment. In many mills where there are few 
changes in product, colors, or other special 
conditions, the use of closed or partially 
closed systems has resulted in substantial 
savings. The closing of board mill white- 
water systems has increased the problem 
of slime control and necessitated the ad- 
dition of anti-slime materials in the water. 
Careful control in applying phenol con- 
taining anti-slime compounds is necessary 
to avoid imparting objectionable tastes to 
downstream water supplies. Suspended 
solids in board mill wastes are being re- 
moved by settling and precipitation sys- 
tems. Such solids as cannot be reused in 
the mill may have to be disposed of in 
lagoons to abate stream pollution. 

The importance of having and using fa- 
cilities for accurate measurements of flow 
of effluent wastes and of receiving streams; 
also of proper sampling in proportion to 
flow are emphasized. The results of the 
extensive 1946 survey of wastes at 68 Wis- 
consin pulp and paper mills are tabulated 
together with some data for 1945. The 
mills are grouped into 11 classes and data 
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are given for individual mills and the aver- 
ages for each class. In another table the 
average losses for various types of mills 
in Wisconsin for 1945 and 1946 are com- 
pared. Both tables present on the per ton 
product basis: gallons of wastes; pounds 
of solids, fixed suspended, volatile sus- 
pended and total soluble; fiber loss in per 
cent of production and 5-day B.O.D. popu- 
lation equivalents. Large differences were 
found in the volumes, compositions, fiber 
and B.O.D.’s of the wastes from 
mills, even in the same elassification. A 
few of the average 1946 data per ton of 
product are as follows: gal. of waste from 
2,302 for groundwood to 64,838 for kraft 
pulp; lb. of volatile suspended solids from 
0.6 for groundwood to 188.2 for rag and 
de-inked pulp; 5-day B.O.D. person equiv- 
alents from 20 for groundwood to 2,857 
for sulfite pulp. Estimates of loss in 
dollar per day due to unrecovered fiber 
vary from $0.77 for a groundwood mill to 
$417.68 for one of the kraft. pulp mills. 
A graph based on the 1946 survey shows 
for paper mills and sulfite pulp mills the 
distribution as volumes of wastes vs. fiber 
loss per ton of product. Thirty-six of the 
data are below the 2 per cent line and 
eleven between the 2 and 5 per cent lines. 
The wastes utilization and stream improve- 
ment program being conducted in Wiscon- 
sin has the objective of reducing volumes 
of water required per ton of product be- 
low 20,000 gal. and fibrous waste losses 
below 1 per cent of production. 

Several illustrations of wastes treatment 
plants and samplers and a number of ref- 
erences are given. 


losses 


W. W. HopcGe 


Conservation of Natural Resources. By 
W. E. Hownanp. Proceedings of the 
Second Industrial Waste Conference, pp. 
11-19, Purdue University, 1946. 


The depletion of our natural resources, 
through both direct waste and unwise 
rapidity of utilization, is a matter for grave 
concern. 

Sanitary engineering activity, in an im- 
portant sense, is conservation: the conser- 
vation of health and the conservation of 
water resources. 

Conservation means “the economic utili- 
zation; avoidance, insofar as is possible, 
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of waste but, nevertheless, actual use of 
the good things that nature provides.” 
Since engineering has been defined as “eco- 
nomic utilization of the materials and 
forces of nature for the benefit of man,” 
all engineers are conservationists. 
Civil engineers may contribute to con- 
servation by: 
(a) Planned research ; 
(b) The use of more refined methods of 
structural and hydraulic analyses; 
(c) The use of “guides” or special meth- 
ods and tricks to find the low point 
_on the cost curve in preliminary de- 
sign; and 
(d) Studying a large number of possi- 
bilities for accomplishing a given 
result in an effort to find the scheme 
of least cost. 


In judging economy the criterion should 
be least total net cost. All costs and all 
benefits must be considered. While private 
enterprise projects must give promise of 
both interest and monetary return for 
justification publie projects may be justi- 
fied by intangible benefits alone. Although 
there is this difference, the author states 
“T think it is fair to say that no project, 
publie or private, can be justified that does 
not ultimately prove economical to society 
as a whole when all the costs and benefits, 
both tangible and intangible, are properly 
weighed.” Thus current methods for 
evaluating’ private projects may need to be 
revised in the interests of conservation. 
The author suggests that government sub- 
sidy “through revision of taxes or other- 
wise” may assist industry in making eco- 
nomie choices that will be wiser, in the long 
run, for all concerned. 

Roy F. Weston 


Industrial Wastes—What are They? By 
GEORGE E. Symons. Proceedings ot the 
Second Industrial Waste Conference, pp. 
20-27, Purdue University, 1946. 

“Waste, in its strictest sense, is the non- 
use, spoilage, loss or destruction of either 
matter or energy that is usable by man or 
other living creatures.” 

This definition would exclude some ma- 
terials now classified as industrial wastes 
and, considering the economics of usability, 
would lend itself to different interpreta- 
tions depending on the view point. 
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A proposed definition of industrial 
waste that can be used by the industrialist, 
the conservationist, the sanitary engineer, 
the medics and the public is as follows: 
“Tndustrial waste is that material or energy 
disearded intentionally or unintentionally 
by industry during the production of some 
useful product, regardless of whether that 
material is disearded-to the atmosphere, to 
the land or to the waters of the earth, and 
regardless of whether or not the discarded 
material has any present or potential 
value, or any effect on natural surround- 
ings.” 

Wastes discharged to the atmosphere 
may cause acute local problems. The use 
of precipitators, washers, cyclones and 
ozonizers may solve these problems. 

Wastes disposed to water are classified 
as inorganic, organic and mixed. Various 
industrial wastes are classified. Waste 
energy as heat is classified separately. 

The author points out that some indus- 
tries discharge valuable materials without 
being aware of the magnitude of their loss. 
Others discharge materials causing consid- 
erable damage without being aware of the 
damage that is being inflicted and in some 
cases being unable to get employees to 
admit such discharges. 

By-product recovery, including water, 
may be economically feasible in some eases 
but not every waste contains economically 
recoverable material. 

Industry mnst be prepared to pay a fai 
share of treatment costs where wastes are 
discharged into a municipal sewage-dis- 
posal system and must accept waste treat- 
ment as a legitimate produetion cost to 
preserve our natural resources. 


Roy F. Weston 


Grease Recovery in the Meat Packing In- 
dustry. By E. N. Mortenson. Pro- 
ceedings of the Second Industrial Waste 
Conference, pp. 28-39, Purdue Univer- 
sity, 1946. 


The amount of grease entering the sew- 
ers in a meat packing plant can be appreci- 
ably reduced at the source by common 
sense and good housekeeping. Good prac- 
tice in the rendering section will do more 
toward reducing the loss of grease to the 
sewers than can be accomplished by care- 
ful handling in all other departments. 








1102 

Properly designed interceptors 
are necessary regardless of the attention 
given to good housekeeping and salvaging 
at the source. All non-fat-bearing wastes 
should be excluded from the retention unit. 
A detention time of 60 min. for the aver- 
age hourly flow of fat-bearing wastes is 
recommended although this will vary with 
the type of grease involved. The grease 
interceptor should have underflow inlet and 
outlet baffles and skimming facilities. Pro- 
visions should be made to discharge settled 
solids from the unit. 

A method is presented for testing grease 
retention unit efficiency. This method con- 
sists of collecting samples from turbulent 
sections of outfalls over a 10-12 hour 
period in a 55 gal. drum equipped with an 
overflow draining from the bottom. By 
regulating the volume and frequeney of 
sampling, various detention times can be 
established. In this way the actual recov- 
erable material is determined. 

Rosert G. MERMAN 


grease 


Problems in Paper Mill Waste Disposal. 
By H. W. Geum and Don E. BLoop- 
coop. Proceedings of the Second Indus- 
trial Waste Conference, pp. 40-45, 
Purdue University, 1946. 


A elassification of the materials that may 
be present in waters discharged from man- 
ufacturing establishments is given and a 
discussion is made of each class as it per- 
tains to the pulp and paper industry. 

The loss of usable raw material in this 
industry is small compared with the amount 
of unusable solids discharged in the waste 
The largest loss of usable raw ma- 
when waste paper is the 


water. 
terial 
souree of fiber. 

The loss of product, that is, cellulose 
fiber, occurs chiefly during washing and 
fabrication of the sheet and runs well under 
1 per cent in both of these operations. 

Residues remaining after the extraction 
of the product from the raw material and 
compounds produced in processing by side 
reactions are manifold and constitute the 
principal sources of , olluting material 
present in the waste waters of this indus- 
try, although major by-product processes 
remove a portion of the polluting material, 
residual substances similar to those origi- 
nally present in the waste remain. 


occurs 
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The sulfate and soda pulping processes 
are economically feasible because most of 
the chemicals employed are recovered. 
However, excessive loss of chemicals may 
occur during irregularities in the recovery 
system and in starting or stopping the 
process or during clean-ups. 

Factors to be considered in solving indi- 
vidual problems include: (1) flows and 
characteristics of the receiving waters; (2) 
uses to which receiving waters are put; 
(3) degree and character of other pollu- 
tion; (4) processes employed in mill; (5) 
physical layout of mill including sewering; 
(6) type and variations in raw material 
employed; (7) size of mill in respect to 
production; (8) -geographical location; 
(9) operation and personnel; (10) type 
and condition of equipment; (11) recov- 
ery systems; and (12) by-product manufac- 
ture. 

Rosert G. MERMAN 


New Developments in the Disposal and 
Utilization of Waste Pickling Liquors. 
By Ricuarp D. HoaKx. Proceedings of 
the Seeond Industrial Waste Conference, 
pp. 46-53, Purdue University, 1946. 


Seven Mellon Institute research projects 
on the disposal of waste sulfate pickling 
liquor are briefly outlined. With one ex- 
ception, these projects have been limited 
to laboratory investigation only. They 
are as follows: 

(1) The use of iron sulfate in portland 
cement in place of gypsum. Cements in 
which iron sulfate was substituted for 
gypsum on the basis of sulfate content 
were prepared having tensile and compres- 
sive strengths which compared favorably 
with «a good grade of portland cement. 
Cements containing iron sulfate have a 
cream to light brown eolor as compared 
with the light gray of ordinary cements. 

(2) The precipitation of ferrous sulfate 
from the pickling liquor with acetone and 
the recovery of sulfuric acid and acetone 
by distillation. After six pickling and re- 
covery cycles, there was no apparent ac- 
cumulation of impurities in the recovered 
acid. 

(3) Production of ferrie chloride and 
sodium sulfate by means of differential 
erystallization. Sodium chloride and chlo- 
rine are used in this process. 
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(4) The concentration of low-grade 
manganese ore using waste pickle liquor 
as a reducing agent. A manganese oxide 
containing over 60 per cent manganese is 
produced. 

(5) The use of limestone in treating 
waste pickle liquor. The use of high eal- 
cium limestone (containing less than 2 per 
cent magnesium earbonate) to neutralize 
the free acid precipitate part of the iron, 
substantially reduces the amount of lime 
necessary to complete the treatment. This 
method is presently in use in a steel plant 
and attractive savings have resulted. 

(6) The use of waste pickle liquor to 
recover magnesia from dolomitie lime. 
This process produces a high purity eal- 
cium sulfate and a 91-94 per cent mag- 
nesia. 

(7) The production of magnetie iron 
oxide. It was found during neutralization 
procedures that when approximately two- 
thirds of the ferrous iron is oxidized to 
the ferrie state and the solution is treated 
with an alkaline agent, the iron is com- 
pletely precipitated as magnetic oxide. 
This material appears to have some prom- 
ise as a pigment and pure ammonium or 
sodium sulfate, depending on the alkali 
used, can be recovered. 

Rospert G. MerMAN 


Vegetable Wastes—Their Availability and 
Utilization. By R. Henry Morris, ITI. 
Proceedings of the Second Industrial 
Waste Conference, pp. 54-69, Purdue 
University, 1946.) 


The Eastern Regional Research Labora- 
tory of the United States Department of 
Agriculture has undertaken an investiga- 
tion of the wastes incident to the produe- 
tion and processing of vegetables in order 
to determine commercially feasible methods 
for utilizing their valuable constituents to 
the fullest extent. Wastes from the fol- 
lowing vegetables were given considerable 
study as their use in poultry and animal 
feed appeared most promising from the 
standpoint of abundance, occurrence in 
large concentrations and nutritional value: 
Beets, broeeoli, cabbage, earrots, cauli- 
flower, kale, lima beans, peas, rutabagas, 
turnips, and spinach. 

Analyses for carotene, riboflavin and in 
some cases protein, crude fiber and fat 
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were made to evaluate the nutritional 
value. In a few cases vitamins E and K, 
chlorophyll and xanthophyll were deter- 
mined. The leaves were found t6 be the 
richest part of the plants in valuable nu- 
tritional constituents. The chemical analy- 
sis of leaf meals on the bone-dry basis 
showed the following variations: Carotene 
from 111 p.p.m. for earrot tops (early) to 
595 p.p.m. for broccoli. Riboflavin from 
64 p.p.m. for carrot tops (early) to 29.1 
p.p.m. for spinach. Protein from 10.4 per 
cent in carrot tops (early) to 35.3 per cent 
for broccoli. 

Process and equipment specifications, 
based on E. R. R. L. pilot plant studies, 
are given and estimations of expected 
yields, costs and nutritional values are 
made. 

Rosert G. MERMAN 


The Composition of Metal-Plating Wastes. 
By Wituiam J. EHten. Proceedings of 
the Second Industrial Waste Conference, 
pp. 70-81, Purdue University, 1946. 


Metal plating is defined as an “electro- 
chemical process by which an article fabri- 
cated of some common base metal ean be 
coated with another tightly adherent metal 
that possesses certain desirable physical or 
chemical characteristics.” 

A typical plating process shows any or 
all of the following operations: 

“(1) The fabricated article is cleansed of 
oil or grease by soaking in organie solvents, 
or in vapor degreasing units. 

“(2) If necessary, rust or seale is re- 
moved by pickling in a suitable acid, such 
as muriatie or sulfuric. 

“(3) The acid film is removed by rinsing 
in water. 

“(4) The article is cleaned electrolyti- 
cally in a hot alkaline cleaning solution. 

“(5) Next come water rinsing and dip- 
ping in weak acid to remove cleaner resi- 
due, followed by further rinsing. 

“(6) Finally come the plating operation 
and final rinses.” 

The chemistry of the alkaline type zine 
plating bath is diseussed in detail, showing 
that the waste products discharged to the 
sewer through the rinses are: Na.Zn(CN),, 
Na.Zn(CN),, NaOH, NaCN, WNa.CO,, 
Na.ZnO:, Na*, Zn**, Zn(CN).-, ZnO:, 
CN’. 
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In like manner, cadmium plating, cop- 
per, chromium and nickel plating are de- 
scribed, as is anodizing and bright dipping. 

“The regular source of plating wastes is 
the overflowing rinses which remove the 
film of solution clinging to the articles 
being processed as they move from one 
bath to another in the plating sequence. 
These wastes are, therefore, always diluted 
except for the infrequent occasions when 
an entire bath is disearded by dumping.” 

A typical analysis of a plating waste is 
given from a plant discharging 50,000 gal. 
of waste but it is also mentioned that the 
analyses vary from plant to plant and too 
few analyses of these wastes have been 
made. The cyanide content may range 
from 1 to 100 p.p.m. and chromium from 
2 to 500 p.p.m. 

The author has appended the typical 
composition of all plating solutions. 

H. Guapys Swope 


Brewery Waste Utilization. By B. H. 
NISSEN. Proceedings of the Second In- 
dustrial Waste Conference, pp. 82-89, 
Purdue University, 1946. 

The various steps of malting and brew- 
ing are outlined and the wastes resulting 
in each step are listed. 

The brewing of beer involves malting 
and brewing. The grain is soaked in large 
tanks with copious quantities of water. 
The grain particles which float are run 
through screens and the water goes to the 
sewer. The grain then goes to malting 
tanks for germination and becomes what 
is known as green malt. No waste liquids 
result from this process. 

In the brewing of beer, malt and rice or 
corn grits are used. These are ground and 
mixed with 4 to 5 times their volume of 
water. This mash is transferred to other 
large cylindrical tanks with false bottoms. 
The extracted spent grains are left behind 
and this is now dried by passing through 
The waste liquid contains .75 to 
2.5 per cent solids. There are no further 
wastes until the operation following fermen- 
tation, such as carborating, cooling and fil- 
tering, “when certain small amounts of 
rests result which are normally flushed off 
to the sewers with large quantities of 
water.” 

There are alkaline wastes from 
washing. 


presses. 


bottle 
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The author maintains that the few waste 
materials resulting from the brewing of 
beer which are not disposed of as salable 
by-products, are in the first place very di- 
lute and secondly dispersed generally in 
well aerated water. 

Ropert G, MERMAN 


Industrial and Domestic Wastes in Rela- 
tion to the Aquatic Life of Indiana 
Streams. By Wim KE. Ricker. 
Proceedings of the Second Industrial 
Waste Conference, pp. 90-96, Purdue 
University, 1946. 


Aquatie organisms are classified as 
plankton, bottom organisms, swimming 
animals and useful stream animals. 

Plankton are animals or plants which 
float free in the water or move about in it 
only slowly or weakly. 

Bottom organisms as a group are called 
benthos. Benthie plants and animals vary 
from microscopic to relatively large micro- 
seopie forms the same as plankton. 

Swimming animals ealled nekton in- 
clude nothing but fish, for practical pur- 
poses. 

Useful stream animals include fish and 
mussel. Fifty-six species of fish are di- 
rectly useful to man in this state. A con- 
servative estimate of the potential annual 
produetivity of useful stream fish is 100 
This capacity is probably 
not utilized. Mussel are used to make 
pearl buttons. The food value of mussel 
and crayfish or crawdads is not utilized 
commercially. 

Fish depend on plants as their primary 
food supply. They may eat either plank- 
ton, benthos or other fish. A food cycle 
is established by the use of smaller plants 
and animals as a source of food by larger 


Ibs. per acre. 


forms. 

Wastes, having deleterious effects, are 
divided into two general classes: (a) Those 
which can, in sufficient concentration, kill 
water animals directly and (b)_ those 
which, by reason of their organic content, 
can reduce the oxygen in the water to a 
point where many organisms cannot sur- 
vive. Illustrations of (a) may inelude 
hot water, oil well brine and cyanide 
wastes. Toxie wastes may not kill all the 
life of a stream. In general the larger 
the organism and the more complex its or- 
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waste ganization of life the less is its tolerance Industrial Wastes of the Ohio River Basin. 
ig of to extreme conditions. Thus rich crops of By M. LeBosquet, Jr., anp S. W. 
alable potential fish food may exist but no fish WeiBeL. Proceedings of the Second In- 
ry di- ean be found that is able to utilize them dustrial Waste Conference, pp. 97-107, 
ly in under their conditions of occurrence. Purdue University, 1946. 
Oxygen consuming wastes may cause spec- ig 
IAN tacular mortalities at intervals with sub- The authors give a brief summary of the 
sequent repopulation of the stream on the Status of current industrial wastes pollu- 
disappearance of adverse conditions. tion-corrective measures in the Ohio River 
Rela- Downstream from the direct adverse ef- Basin. The summary was based on re- 
diana fects of these wastes there are generally ports on 1,800 different industrial estab- 
CKER. favorable conditions for the growth of _ lishments. 
strial fish food organisms and fish. The advan- At the time of the survey (1939 to 1941) 
irdue tage to fish production has not been industrial wastes with an oxygen demand 
evaluated. However, fish caught in grossly had a population equivalent of 10,000,000. 
polluted waters generally smell and taste Of these about 12 per cent was being 
| ined like the water. Nevertheless, the author treated with municipal sewage. At the 
ane recommends the experimental investigation same time 34 per cent of all domestic sew- 
. of the use of fish ponds for domestic sewage age in the valley was receiving treatment. 
vhich disposal at some Indiana plant. In the U. S. as a whole 60 per cent of the 
in it Roy F. Weston sewage is treated. 
alled 
vary TABLE I.—Summary Showing Industrial Wastes Not Discharging to Municipal Treatment Plants, 
ETO - Suggested Industrial Waste Discharges to Municipal Treatment Plants, and Total of 
Entire Industrial Load in the Ohio River Basin 
in- — = 
pur- | Industrial Waste | Suggested to Municipal 
| | Disposal At Least Estimated | Treatment 
; | Number ae tens | or Sewered [os 
en a ee | ee | me | ete 
> cs ants soe en . s ¥ Number ‘opulation 
Aes | [ante | Bagais | “tater” | “@SiSS" | Wai | Bie 
nual ee ee ee) a eee | Tis lS 
100 Brewing 38 | 35 Sai 27 =| 264,300 | 37 263,800 
white Distilling 67 | 14 53 53 1,009,700 | 20 624,600 
: Canning 218 | 52 166 160 | 758,900 64 310,300 
nake Meat | 173 | 76 97 | 115 | 385,700) 123 | 323,900 i 
ussel Milk | 253 | 130 123 | 107 | 85,100| 167 74,700 
lized Tanning 32 | 5 27 | 13 | 269,600; 13 | 55,400 
Paper | 59 12 47 | 46 | 1,659,200 | 5 31,500 } 
nary Oil refining | 47 | 4 43 | 44 | 116500; 2 15,100 
ank- By-product coke | 23 2 21 | 17 | 745,200 | 2 24,300 
vele Steel | 174 15 159 | 7 2 | 12 | 0 
re Chemical | 65 | 10 . 59 36 | 1,880,400 | 8 138,000 
. Textile | 192 | 5&7 65 | 10 | 335,100} 84 216,900 
iil Miscellaneous | 333 | 104 229 | 109 160,300 | 89 132,500 
| Be Siero See| Pes me = 
are Total | 1,604 | 516 1,088 | 808 | 7,670,000 | 626 | 2,111,000 
hose . ee we _ Se ee Sd ee re 
kill Industrial wastes to Cincinnati sewers® 1,108,400 1,108,400 
= Wastes discharged to municipal treatment 1,195,900 ee eer 
1) 
ie Totals for the Basin | | 9,974,300 | 626 | 3,319,400 
sur- _— ‘ti 
lude 1 Industries occurring only once in an Ohio River tributary basin are included under “Mis- 
aide cellaneous”’ in the tributary basin summaries given in House Doc. 266, 78th Congress, Ist session, 
the but are under their proper classification in this table. 
* 336,000 pounds free acid dischargeé daily im waste pickle liquor. 
+ cital 3 Industries not surveyed individually. Population equivalent based on comprehensive sewer 
or- gaging and sampling program of city. 
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It was estimated that 45 per cent of the 
organic industrial wastes could be treated 
with municipal sewage. A summary of 
plants not discharging to municipal treat- 
ment plants is shown in their Table I at- 
tached. 

Acid mine drainage is one of the most 
serious industrial wastes in the valley. It 
is estimated that total charges for mine 
sealing based on normal peacetime mining 
operations would be about six mills per ton 
of coal mined. 

The writers pointed out that the U. S. 
Public Health Service cooperates with the 
Corps of Engineers, U. S. Army, on stud- 
ies for the construction of multipurpose 
reservoirs which may be used to increase 
minimum flows in streams thereby afford- 
ing savings in pollution abatement costs. 

Brief summaries of pollution abatement 
practices are given for brewery, distillery, 
cannery, meat, milk, tannery, paper, oil 
refining, by-product eoke and steel mill 
plants. 

A summary of estimated costs of indus- 
trial waste pollution abatement facilities in 
the Ohio River Basin is given in Table IT. 


TABLE II.—Summary Showing Costs of 
Municipal Sewage Treatment Plants, 
Intercepting Sewers, and Industrial- 
Waste Treatment in the Ohio 
River Basin 


Treatment plants for municipal 
sewage only . 


Tas ae $ 61,900,000 
Additional capacity for indus- 


RRURAIREIIES oo. ois ssssce ws estes 13,100,000 
Total cost of municipal 
plants. . see ... $ 75,000,000 
Intercepting sewers 5 to municipal 
INNIS ise sce cecassecs 0;500/000 
Total municipal costs. .... $160,330,000 


Cost of treating or otherwise 


correcting industrial wastes. . 13,600,000* 
Cost of mine-sealing program.. 16,000,000 
$189,930,000 


Note: Estimates based on av erage cost expe- 
rience from 1928 to 1940. 
* Does not include items difficult if not im- 
possible to estimate. 
Roy F. Weston 


Industrial Waste Treatment in Germany. 
By J. J. Grupert. Proceedings of the 


November, 1947 


Second Industrial Waste Conference, pp. 
108-113, Purdue University, 1946. 


The author visited Germany in 1945. 
He reported the status of industrial-waste 
treatment from 1938-1945 to be as fol- 


lows: 


1. About 70 plants were remodeled or 
built during this period. They were chiefly 
the following types: (a) Phenol-waste 
treatment and recovery, (b) pickling liquor 
(iron, copper, chromium), (c) acid neu- 
tralization and (d) coke wash-water clari- 
fication. 

2. Reeovery of valuable constituents in 
the waste liquors was stressed. 

3. In general, the plants built used the 
same type of units as are employed in the 
U.S. for mixing and settling. 

1, No new processes or major items of 
equipment were developed during the war 


years. 


Items of special interest included: (a) 
methods of treating cyanide, chromate, 
pickling liquor, copper and_ phenolic 
wastes, (b) equipment for handling coke 
wash water and (c) stage neutralization of 
acid waste by means of automatic pH 
valve control. The author briefly described 
each of the above items and showed slides. 

Those interested in details relative to 
these items are referred to a report pre- 
pared by the War Utilities Subeommittee 
T. I. I. C. under the direction of the 
“Field Information Agency, Technical.” 
This report is published by the Commerce 
Department, Washington, D. C. 

Roy F. Weston 


Economies in Industrial-Waste Treatment 
Plant Design. By B. A. Poor. Pro- 
ceedings of the Second Industrial Waste 
Conference, pp. 114-120, Purdue Uni 
versity, 1946. 


Effort should be made to reduce the in- 
stallation cost of industrial waste treat- 
ment works. Studies of plant processes, 
including a thorough survey and analysis 
of wastes involved; the use of smaller fac- 
tors of safety; and the use of simpler con- 
struction and treatment processes are 
justifiable and will serve to accomplish 
this reduction. 

Ropert G. MERMAN 
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Workshop on Milk Wastes. Presiding: 
Mr. W. Seoit Johnson, Dr. H. A. Treb- 
ler, and Mr. J. M. Trimble. Proceedings 
of the Second Industrial Waste Confer- 
ence, pp. 121-135, Purdue University, 
1946. 


Mr. Johnson and Dr. Trebler described 
the development of a task committee on 
Dairy Waste Disposal under the subcom- 
mittee on Sanitary Standards of the Dairy 
Industry Committee. A general discus- 
sion on milk wastes followed. 

Ropert G. MERMAN 


Workshop on Wastes from Food Process- 
ing. Presiding: V. R. Rupp, Paul De- 
Leon and Charles W. Templeton. Pro- 
ceedings of the Second Industrial Waste 
Conference, pp. 136-143. 


Mr. Rupp: Wastes from the Meat Packing 
Industry. 


The meat packing industry has two dis- 
tinct types of waste, grease and high pro- 
tein material, both of which are to a large 
extent recoverable with profit. The largest 
source of waste of both of these materials 
is the rendering operation. Reduction of 
wastes at the source and the use of prop 
erly designed and maintained recovery 
equipment is recommended. 


Mr. DeLeon: Dehydration of Feeds. 


On the basis of surveys and tests on 20 
existing dehydration plants and experience 
gained in three years’ operation of three 
pilot plant units, a design was prepared 
for a universal feed dehydrating plant. 

Fuel costs are the main source of éx- 
pense, with labor next. Transportation 
costs are such that 10 miles is about the 
maximum haul that ean be safely consid- 
ered. The operation costs can only be 
kept down by the unit or units at a high 
load factor. Some of products processed 
ure pea vines, pea pods, citrus refuse, 
corn waste, corn stalks, carrot tops, turnip 
tops, liver refuse, brewers grain and many 
others. 

A general discussion followed. 

Ropert G. MERMAN 


Workshop on Oil Refinery Waste Recov- 
ery, Some Problems of Oil Refinery 
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Waste—Collection and Segregation. By 
M. J. Morgan. Proceedings of the See- 
ond Industrial Waste Conference, pp. 
144-146, Purdue University, 1946. 


Liquid wastes from an oil refinery ean 
be divided into three general classifications 
based on type of sewage and degree of 
treatment. These are (1) sanitary sewage, 
(2) spent cooling water, and (3) process 
and storm “water. Segregation of these 
three types of wastes is advisable. Sani- 
tary sewage will interfere with the treat- 
ment of refinery industrial wastes and is 
usually best disposed of in the adjacent 
municipal sewer. Spent cooling water con- 
sists chiefly of large volumes of water that 
is clean except for occasional small amounts 
of oil due to temporary leaks in cooling 
equipment. Gravity separators are ade- 
quate to prevent this oil from reaching 
lakes or streams. Process and storm 
water are combined in a single system be- 
sause they have one thing in common, 
namely oil. 

Tt is usually best to construct new sewer- 
age systems for sanitary sewage and spent 
cooling water and to use the existing sys- 
tem for process and storm water. Sani- 
tary sewage is, in most cases, most eco 
nomiecally handled by a combination of 
gravity sewers leading to a eentrally lo- 
cated pumping station connected to a 
municipal sewer. The spent cooling water 
system can often be laid above ground as 
the sources of this material are usually ele- 
vated. 

The rule of segregation and treatment at 
the source should be applied to all wastes 
to reduce the quantity of sewage and diffi- 
culties of treatment at the final disposal 
plant. 


Waste-Disposal Problems in a Refinery. 
By J. W. Ranporpnu, pp. 147-150. 


Some of the wastes likely to be encoun- 
tered in a medium-sized’ refinery practicing 
topping and cracking only are classified 
as to their origin: still wastes, treating 
plant wastes, and water treating wastes. 
In general, the best system of waste utili- 
zation in a refinery is that of waste pre- 
vention. Treating plant wastes constitute 
some of the most serious and most difficult 
disposal problems. In addition to having 
many obnoxious characteristics in them- 
selves, they often form or promote forma- 
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tion of stable emulsions in the plant sewer- 
age system. Consequently, it is common 
practice to keep these wastes segregated as 
mueh as possible. 


Sulfur Dioxide and Coke Recovery from 
Acid Sludge. By R. J. Austin, pp. 
150-154. 

A brief description of the acid sludge 
coking process is given. This process was 
developed by the Chemical Construction 
Company as a means of recovering sulfur 
dioxide and coke from the sludges pro- 
duced in acid treating certain petroleum 
fractions. In general, it involves decom- 
posing the sludge to form coke and gas, 
the coke going either to storage or to the 
heating kiln to furnish heat for the decom- 
poser, and the gas (mainly SO.) going 
through scrubbers and then being oxidized 
to SO; and absorbed in sulfuric acid. 

Rospert G. MERMAN 


Workshop on Paper Manufacturing 
Wastes. Presiding: H. M. Blandin and 
K. H. Holm. Proceedings of the Second 
Industrial Waste Conference, pp. 155 
160, Purdue University, 1946. 


A yeneral discussion on the following 
paper manufacturing wastes: wastes from 
strawboard mills, wastes from cigarette 
paper manufacturing, de-inking wastes 
and waste sulfite liquor. 

Ropert G. MerMAN 


Workshop on Metal Plating and Steel 
Mill Wastes. Presiding: D. A. Cotton 
and A. W. Neel. Proceedings of the 
Second Industrial Waste Conference, 
pp. 161-176, Purdue University, 1946. 


General discussion. A brief description 
of some of the methods used for the dis- 
posal of plating and heat treating wastes 
was given. The following methods of eya- 
nide disposal were included: Acid treat- 
ment, lime-sulfur treatment, hypochlorite 
treatment, acid plus oxidizing agents, elec- 
trolytie oxidation, and milk of lime treat- 
ment. The need for research sponsored 
by the plating industry was recognized. 

Rosert G. MERMAN 


Workshop on Sewage Disposal and Indus- 
dustrial Wastes. Presiding: W. E. 


November, 1947 


Ross, W. W. Mathews, and R. H. Heider. 
Proceedings of the Second Industrial 
Waste Conference, pp. 177-182, Purdue 
University, 1946. 


The necessity for measurement of indus- 
trial waste flow at sewage treatment plants 
was pointed out. The importance of close 
cooperation between the manufacturer and 
the treatment plant superintendent was 
also discussed. 

Rosert G. MERMAN 


Stream Pollution Control in Tennessee. 
By R. P. Farrety. J. Amer. Water 
Wks. Assn., 39, 352-356 (April, 1947). 


The progress of stream pollution control 
in Tennessee parallels very closely the his- 
tory and development of the Division of 
Sanitary Engineering in the Tennessee 
Dept. of Public Health. Studies were 
made of laws in other states, with a view 
toward the submission of a proposed law 
on stream pollution in Tennessee. Several 
efforts were made to secure legislation, but 
up until 1945 none was enacted. 

Karly in 1945 a summary report of work 
done on stream pollution in the state by the 
Tennessee Valley Authority, the U. S. Pub 
lic Health Service and the State Health 
Dept. was submitted to the legislature. 
Apparently the information was sufficient 
to indicate that some means of control was 
necessary, for the existing law was enacted 
early in 1945. This act created a Stream 
Pollution Control Board that adopted the 
following general regulations that were 
nailed to all municipalities and industries 
in the state: 


(1) Supervision of new construction by 
requiring submission of preliminary 
plans and supporting data. 

(2) Supervision over maintenance and 
operation by requiring the submis- 
sion of records and reports on oper- 
ation. 

(3) A policy was adopted for investiga- 
tion of complaints and special in- 
vestigation of existing or new dis- 
posal works. As a guide to the 
Dept. of Health the Board was to 
issue standards or other criteria on 
pollution, in addition to special 
orders. 
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(4) Permits to discharge sewage, indus- 
trial wastes or other wastes were in- 
structed to be filed under a_ pre- 
seribed procedure. 


A Technical Committee was appointed to 
prepare a “General Criteria for the Defini- 
tion and Control of Pollution in the Waters 
of Tennessee,” and a preliminary report 
has already been submitted to various fed- 
eral agencies for review and comment. 

The Board has approved a cooperative 
program in which the state assumes full 
responsibility for the study of streams, and 
municipalities and industries assume re- 
sponsibility for sewage and wastes, respec- 
tively. 

Considerable cooperation has been re- 
ceived from the TVA; only consultant 
service has been received from the U. S. 
Public Health Service, but further aid is 
anticipated in the future. The State Dept. 
of Conservation and the State Planning 
Commission have assisted with personnel 
and special studies. In addition, the State 
of North Carolina has cooperated on inter- 
state problems. 

Although progress appears to be a little 
slow, the establishment of the mechanism 
for a control program is quite involved. 
There have been 352 applications received 
for permission to continue to discharge 
wastes into Tennessee streams. Only 25 
permits have been issued, and others are 
awaiting the determination of conditions 
under which permits ean be issued. In all, 
41 municipalities have begun to study their 
problems, and 22 of them have received aid 
for engineering planning from the Federal 
Works Administration. 

At present it is believed that as many 
projects are under study as would be 
feasible at one time. 

Ropert P. Lowe 


Industrial Use of Streams.: By L. L. 
HepGePeTtH. J. Amer. Water Wks. 
Assn., 39, 532-538 (June, 1947). 


This paper approaches the stream pol- 
lution problem mainly from the side of in- 
dustry, and consideration is given to sev- 
eral fears, certain questions and possible 
means of solving this problem. 

There is considerable concern that 
stream pollution legislation will drive away 
industrial payrolls, and this is especially 
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true of those industries that emanate 
wastes for which there is no present prac- 
ticable treatment method. The author be- 
lieves that special consideration will have 
to be given in such eases, but this should 
not be a valid reason for continued abuse of 
streams. 

It is stated that industry is doing con- 
siderable research in stream _ pollv’*on 
abatement, but it appears in the recwru 
principally as process improvements— 
process changes to eliminate waste. Re- 
gardless of how they are described, any 
adjustments which reduce the pollutional 
load are properly classified as abatement 
measures. However, industry will con- 
tinue to look at waste disposal from the 
cost angle, and only appropriate legisla- 
tion, enforced impartially, will make it 
possible for industrial plants to meet such 
requirements and still compete with other 
plants. 

The most profitable place to start cor- 
rection is in the manufacturing process, 
and this can best be handled by a chemical 
engineer. When the plant man has done 
all that is economical on waste reduction 
in the manufacturing process, the sanitary 
engineer must then devise a suitable treat- 
ment or diversion of the waste liquors so 
as to avoid stream abuse. Impressive 
treatment plants should not be expected 
—the industrial engineer will endeavor to 
reduce his problem to its simplest form and 
then arrange for functional waste disposal 
units. Specific examples are given in the 
manufacture of two synthetic insecticides 
—DDT and the important but as yet lesser 
known hexachlorocyclohexane, also called 
benzene hexachloride, 666 or Gammexane. 

The difficulty in defining pollution is dis- 
cussed, and the conclusion is reached that 
it is not too much B.O.D., sludge, grease, 
acid or alkali, but too much of anything. 
The author also gives the viewpoint that 
the best determination of what constitutes 
pollution is accomplished by pooling 
thought in each case and settling details at 
the local levels. 

General waste disposal objectives would 
be to remove the sludge, scum and grease, 
destroy or divert objectionable concentra- 
tions of toxic agents, reduce discoloration 
to imperceptibility in the stream, adjust the 
effluent pH to the normal stream range, 
and reduce the flowing load B.O.D. to the 
point where it can be assimilated by the 
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stream without dropping the dissolved 
oxygen below acceptable minimums. To 
accomplish these objectives legislative ac- 
tion is needed to provide a skeleton of 
strong girders on which appropriate regu- 
lation ean be constructed to stay. Once 
the structure is provided, the corrective 
actions become largely technical, not legal. 
Rosert P. Lowr 


New pH Indicators for Determination of 
Total Alkalinity in Water. By MicHaEu 
Taras. Ind. and Eng. Chem., Anal. Ed., 
19, 339-340 (1947). 


Two new indicators are suggested for 
determination of total alkalinity in water. 
The first, disodium 4,4’-bis(p-dimethylami- 
nophenylazo) -2,2’-stilbenedisulfonate, is es- 
pecially applicable to colored solutions. 
The second, disodium 4,4’-bis(o-tolyltri- 
azeno)-2,2’-stilbenedisulfonate, is suggested 
for colorless solutions. Both cover the 
methyl orange end-point. The solutions 
are stable, showing no deterioration in 
color or properties after a year’s prepara- 
tion. A solution of the first indicator (0.1 
per cent) possesses a deep red color. Color 
changes in the range pH 5.0 to 4.0 vary from 
pale purple, to a blue-violet. A (0.5 per 
cent) solution of the second indicator is 
a brick-red color. At pH 4.7 first changes 
are apparent, the solution becoming 
muddy, having a maximum muddiness at 
pH 4.0. It is suggested that titrations be 
conducted in a porcelain casserole so as to 
emphasize the end-points. The indicators 
are prepared as follows: “Work up into 
a paste 9.25 grams (0.025 M) of 4,4’ 
diaminostilbene-2,2’-disulfonie acid, East- 
man Kodak T4613, with 50 ml. of distilled 
water and dissolve by addition of a solution 
of 2.5 grams-of sodium hydroxide pellets 
in 10 ml. of distilled water. Next stir in 
3.45 grams (0.05M) of sodium nitrite, al- 
ready dissolved in 10 il. of distilled water, 
and transfer the resulting solution to a 
separatory funnel. 

“In a 250-ml. beaker mix 25 grams of 
crushed ice and 25 ml. of concentrated 
hydrochloric acid, cooling the exterior of 
the beaker in an ice bath. When the tem- 
perature of the acid-ice mixture has fallen 
to 0°, run in slowly the stilbenenitrite so- 
lution, with vigorous stirring. If neces- 
sary, add ice from time to time to maintain 
reaction temperature below 5° C. 
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“Remove the beaker, still in the ice bath, 
to a refrigerator and allow the yellow dia- 
zonium salt to settle for an hour. Siphon 
off the supernatant liquid and rapidly add 
the diazonium slurry to the coupling solu- 
tion which has been prepared in the mean- 
time. 

“The coupling solution consists of 7.3 ml. 
(0.06M) of dimethylaniline, Eastman Ko- 
dak 97, in 25 ml. of glacial acetic acid. 
Allow the reaction to take place at room 
temperature for one hour, with continuous 


stirring. 
“Filter the precipitate and dry. Re- 
crystallization is unnecessary. Triturate 


the dye with the ealeulated volume of 
0.05N sodium hydroxide and dilute suffi 
ciently to form a 0.1 per cent solution. 
“In the preparation of disodium of 
4,4’ - bis (o-tolyltriazeno) -2,2’-stilbenedisulfo 
nate the preceding procedure was adhered 
to with one exception; the coupling was 
effected with 6.0 ml. (0.06M) of o-toluidine, 
Eastman Kodak 253. The indicator was 
prepared in 0.5 per cent solution.” 


T. JAFFE 


Tetraethylenepentamine as a Colorimetric 
Reagent for Copper. By Tuomas B. 
CruMPLER. Ind. and Eng. Chem., Anal. 
Ed., 19, 325 (1947). 


Several methods for the colorimetric de- 
termination of copper are available at 
present. Tetraethylenepentamine is sug- 
gested as a reagent which gives a color re- 
action with cupric ion a sensitivity inter- 
mediate between ammonia and the recently 
developed reagents of high sensitivity. All 
work was done on a spectrophometrice and 
a photoelectric colorimeter. The amine 
was found to be 3.5 times as sensitive as 
ammonia. Color development is inde- 
pendent of excess amine. Beer-Lambert 
law is followed over a concentration range 
of 0 to 160 p.p.m. copper. 

“To prepare 100-ml. portions of colored 
solution of the copper tetraethylenepenta- 
mine complex with cupric ion concentra- 
tions of 0 to.200 p.p.m., 10 ml. of 2 per 
cent aqueous solution of amine should be 
used. This provides a plentiful excess 
of amine if the pH of the copper solution 
is not less than 3.5 to 4.0. Regulation of 
the pH to this range can be satisfactorily 
accomplished by dropwise addition of di- 
lute sodium hydroxide solution and testing 
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with an indicator paper. If too much 
sodium hydroxide is added and cupric hy- 
droxide’ precipitates, it is all right to add 
the amine but the mixture must be allowed 
to stand several minutes to permit com- 
plete solution of the cupric hydroxide. Ob- 
servations over a period of 48 hours reveal 
that the color is perfectly stable for at 
least this time. 

“The ions which interfere with this amine 
are the ones which interfere with am- 
monia.” 

T. JAFFE 


Biggest Non-Self-Propelled Disposal Barge 
Launched. Marine News, 34, 46-50 
(Aug., 1947). 


The launching of the 265-foot waste-dis- 
posal barge “Sayreville,” on June 20, cli- 
maxed 13 years of intensive study of waste 
disposal methods by the Titanium Division 
of the National Lead Co.—years in which 
$10,000,000 was spent on research, experi- 
ment and operation of various disposal 
methods. 

Decision to dispose of the liquid wastes 
at sea was the last resort of the company. 
The wastes are expected to aggregate 4,000 
tons (8.5 per cent H.SO,) per day by early 
1948. The decision was reached after con- 
sultation with experts in the fields on ma- 
rine life and oceanography, and the final 
program was prepared by the Fish and 
Wildlife Service in cooperation with the 
Atlantie States Marine Fisheries Commis- 
sion and the National Lead Co. 

The “Sayreville,” with a length of 265 
ft., beam 43 ft., and depth of 20.75 ft., is 
the largest acid disposal barge ever built. 
The barge will carry the wastes to a point 
13 miles southeast of Scotland Lightship, 
10 miles off the New Jersey coast. The 
waste will be unloaded in a 2-mile square 
area located over a deep and rocky section 
of the old Hudson River Gorge, an ocean- 
bottom canyon extending out to sea. The 
area will be 5 miles from the “Mud Hole” 
fishing grounds, from which a residual 
current flows away toward the canyon at 
a rate of about 5 miles per day. The ocean 
depth is more than 150 ft. at the disposal 
site. 

The waste will be discharged through two 
12-in. pipes located at the keel and at the 
extreme after end of the barge. The waste 
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will discharge at a rate of 2,500 g.p.m. and 
the barge will move ahead at 600 ft./min. 
It has been estimated that the rapid dis- 
persal of the waste will result in no meas- 
urable alteration of the number, location 
or habits of the fish in the area, nor in any 
measurable diminution in the volume of 
plankton. There will be no cumulative 
effect from the waste, no discharge in any 
fishing ground (the assigned area is not 
used by commercial fishermen because of 
danger of damage to nets), and no effect 
on New Jersey beaches. A permit to oper- 
ate the barge has been obtained from the 
Port of New York. Nineteen trips every 
two weeks will be required to dispose of 
the maximum waste volume from the plant. 
RicuHarp D. Hoax 


Refinery Waste Disposal—XVIII. Sec- 
ondary Section of Oil-Water Separator 
Effects Final Clean-up of Refinery 
Waste. By W. B. Harv. Petroleum 
Processing, 2, 513-517 (July, 1947). 


The primary section of an oil-water sepa- 
rator effects a rough removal of oil and of 
most of the settleable solids, while the see- 
ondary section provides a final clean-up of 
the waste water prior to discharge. Al- 
though every effort is made to maintain the 
proper type of flow in the primary section, 
the sedimentation process creates a cer- 
tain amount of turbulence. This requires 
a redistribution of the flow to the second 
section; it is accomplished by a distribu- 
tion system similar to that used in the first 
section. 

The flow-line of the second section must 
be lower than that of the first, but not so 
low as to cause unnecessary loss of head, 
beeause in many localities little head-loss 
is permissible due to the nature of the 
terrain. Generally, the head on the secon- 
dary section distribution weir should be a 
distance below the crest of the primary 
section outfall weir equal to the head on 
the outfall weir at design capacity flow. 
Normally, the flow depth of the second see- 
tion will be 94 per cent of the first section. 

The film rupture chamber of the secon- 
dary section may be used for film rupture 
or for agglomeration, depending on the 
type of waste water. In some eases, small 
masses of suspended matter may pass over 
from the primary section; these may be 
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broken up by filling the chamber with coke 
or by using burlap as a coarse filter 
medium. In any event, if the waste that 
passes into the secondary section consists 
mainly of clean oil and water, the effi- 
ciency of separation will be greatly in- 
creased. 

The film rupture chamber may also be 
used to agglomerate small oil globules to 
form large ones which separate more read- 
ily from the water. An outstanding new 
material for this purpose is coarse, coated 
glass wool. The coating provides prefer- 
ential wetting, causing the oil to agglomer- 
ate. Obviously a very dirty waste cannot 
be treated in this fashion because the coat- 
ing would soon become ineffective, and the 
wool would clog with solid matter. 

The secondary section is the same width 
as the primary, but slightly more shallow. 
It is longer, to compensate for the lack of 
perfect distribution. In discussing the 
theory of laminar flow it was shown that 
the maximum velocity must not exceed the 
calculated average velocity by more than 
35-50 per cent. The length of the sec- 
ondary basin, in consequence, has been set 
at 140 per cent of the primary section. 

The oil retention baffle of the secondary 
section has been designed to retain the 
greatest amount of oil possible; this is a 
matter of considerable nicety. All those 
forces that must be related and controlled 
in separator design are small in abso- 
lute value, but their effects may be rela- 
tively great. By careful evaluation it is 
possible to turn these forces to useful pur- 
poses. 

When a filament of water, moving along 
the longitudinal axis of the sedimentation 
in a horizontal plane, contacts a vertical 
interrupting surface such as an oil reten- 
tion baffle, its energy is dissipated in a 
pattern on the vertical surface through 
360° as eddy currents. The upper half of 
the symmetrical pattern moves upward, 
and tends to sweep oil globules to the flow- 
line. But the lower half tends to move 
the globules downward into the current 
moving under the baffle to the discharge 
weir. This condition is overcome by de- 
signing a curved retention baffle so that 
the water filament path will not be normal 
to the baffle at any point. This curvature 
takes the form of a quadrant of an ellipse, 
and the article gives the mathematics of 
the design. 
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The question of whether to install clean- 
ing equipment in the secondary section 
has often been raised, and the answer will 
depend on the character of the waste water 
entering it. If the waste actually is in 
good condition there will be no need for 
frequent cleaning. Bottom sediment can 
be removed at intervals by pumping sludge 
from a sump ahead of the final weir. Best 
practice is to install a sludge reservoir and 
pump, and the bearings and guides for a 
flight scraper, but to defer the addition of 
the flights until experience shows that they 
are necessary. 

The article includes a number of sketches 
of design features. 

RicHarp D. Hoak 


Interstate Cooperation in Stream Pollu- 
tion Control. By L. F. Warrick. Wis- 
consin State Board of Health Quarterly 
Bulletin, 8, 104 (October-December, 
1946). 


This paper describes the establishment 
of the regional sanitation plan in several 
mid-western states, and outlines some of 
the activities and results accomplished 
under the plan. 

In 1925 the legislatures of Wisconsin 
and Minnesota enacted measures which 
provided a framework for regional action 
against pollution of the Mississippi. 
Later in the same year an inter-state group 
was formed. 

During 1925-26 these two states cooper- 
ated in making a thorough study of Missis- 
sippi River pollution between the Twin 
Cities and LaCrosse. 

In 1935 the health commissioners of IIli- 
nois, Iowa, Minnesota, Missouri, and Wis- 
consin adopted the Upper Mississippi 
River Drainage Basin Sanitation Agree- 
ment. This agreement provided “for joint 
action in dealing with common problems, 
particularly those of a sanitary engineer- 
ing nature.” 

In July, 1941, Indiana became the sixth 
signatory to the Upper Mississippi River 
Drainage Basin Sanitation Agreement. 

In 1941 this group made an intensive 
study of high-rate filtration plants, and the 
results of this study are well known to 
those in the sanitary engineering field. 
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In 1941-42 study of malaria incidence in 
the region was made and results have been 
made available in a pamphlet, “Report on 
Malaria Survey Along the Upper Missis- 
sippi River.” 


By the formation of such cooperative 
groups much more ean be done by pooling 
of resources than can be accomplished by 
a single state. 

GerarpD A. RownicH 
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